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INTRODUCTION 


ILE present report, while complete in itself, is intended to serve as an intro- 
duction to a more intensive study coneerning the mechanism of malaria in- 
ocilata in neurosyphilis, the principal text of which will be reported separately. 
The modern vogue of treating neurosyphilis with mechanical hyperpyrexia 
has foeused the attention of investigators, with renewed emphasis, upon the 
iestion of whether the beneficial results in these cases are dependent upon fever 
r se or upon fever plus a biologie factor such as inheres in malaria. Any study 
the mechanism of malaria must take into account the fundamental constituents 
hich go to make it up. Of these there are at least three, each of which is ap- 
ivently capable of provoking a defensive reaction in the organism. These are 
the malarial parasite, (2) fever, and (3) blood destruction. 
One of these—fever—we ean already duplieate at will. We reasoned that if 
could introduce another constituent, such as the faetor of blood destruction, 
might approach a step nearer to the artificial duplication of malaria. It 
ned logical to attempt this by giving a group of patients intravenous injee- 
nis of hemolyzed autogenous blood just prior to the induetion of fever; al- 
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though, as far as we know, no one before has attempted to break down the prob- 
lem in just this manner. Various pertinent observations were then planned 
which would lend themselves to comparison with certain results known to be 


typical of malaria. Our first investigation was directed toward the altera- 


tions in the cellular equilibria of the organism. For this purpose each patient 
was observed during four separate periods, of which this report concerns itsel| 
only with the first two: (1) A control or basal period, (2) a period of auto 
hemotherapy alone, (3) a period of pyretotherapy alone, and (4) a period ot 
autohemopyretotherapy ; this is a term coined by us to conveniently designate the 
combination of autohemotherapy and induced fever. We hope, incidentally, that 
those investigators who are familiar with the excellent results sometimes obtained 
with autohemotherapy in various morbid processes, will recognize in combined 
autohemopyretotherapy a new therapeutic and experimental approach to the 
problems of enhancing the defensive mechanism of the organism. Although a 
considerable literature has accumulated about autohemotherapy, surprisingly 
little has been written about its intravenous use, especially with hemolyzed blood. 

Desearpentries’ * employs distilled water and blood in a proportion of 2:1, 
lysing 10 ¢.c. uncitrated blood in 20 ¢.c. distilled water; he then agitates the mix- 
ture in a flask containing several marbles, about whieh the clumps of fibrin ad- 
here; finally, he injects the clear fluid subeutaneously in divided doses—a 
momentarily painful, but, according to him, a very beneficial procedure in vari- 
ous septic conditions. He believes that, among other effects, the hemopoietic 
system is stimulated, but offers no data in support of this view. 

Zimmerman® cautiously adds 2 ¢.c. distilled water to 20 e.e. blood and im- 
mediately reinjects it either intravenously or intramuscularly. He states that 
there is usually a decrease in the total number of leucocytes, eosinophiles, and 
lymphoeytes; but that the neutrophiles exhibit a relative increase. Frey‘ be- 
lieves that lysis, following the intravenous injection of hemolyzed blood, is pro- 
longed in the blood stream, but Zimmerman does not agree with that view. 

Brunner and Breuer’ place 14 ¢.c. distilled water into a 20 ¢.¢. syringe, 
aspirate blood into the same syringe to its capacity, then, without drawing thie 
needle out of the vein, reinject the mixture. 

Thus it may be seen that there is considerable divergence of opinion re- 
garding technique and physiologic results; one is led to believe that the choice 
of technique has been empirical rather than based upon an experimental founda- 
tion. In facet, we were able to obtain only very meager information in answer to 
the three fundamental questions that we had asked ourselves, viz. : 

1. What is the average minimal hemolytie ratio of distilled water to blood? 

2. How much hemolyzed autogenous blood ean be injected intravenously, 
allowing a fair margin of safety? 

3. What is the nature of the leucopoietie response, if any, to such injections? 

We shall, therefore, endeavor to answer these and other concomitant qiics- 
tions as a result of our own investigations. In so doing, this report hopes to 
establish a rational basis for the technique of intravenous autohemotherapy, 
either experimental or therapeutie. 
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PROCEDURE 


I. Determination of Minimal Hemolytic Ratio—Graduated amounts of dis- 
tilled water, ranging from 0.2 ¢.c. to 5 ¢.¢., were placed in a series of test tubes. 
To each tube, 2 ¢.c. of venous blood were then added, using noneitrated blood 
in one series, and eitrated blood in another series. The progress of hemolysis 
was then observed in each tube, both macroscopically and microscopically. 

In the nonecitrated series it was observed that hemolysis began when the 
proportion of water and blood was 1:1, but proceeded slowly and incompletely 
due to the faet that numbers of red blood cells beeame enmeshed in the fibrin 
clumps, where they were not so well exposed to the aetion of the distilled water. 

In the citrated series a more favorable course of events took place. Here 
also the minimal hemolytie ratio was 1:1; but, there being no fibrin clumps, all 
the erythrocytes were exposed to the distilled water, with the result that hemol- 
ysis was much more rapid and complete. 

Having determined that the minimal hemolytie ratio was approximately 1:1, 
we tried adding a little whole blood to a mixture of that proportion in order to 
see if any further hemolysis would oceur; however, the added blood merely 
settled to the bottom of the tube without hemolyzing. 

A practical point to keep in mind is this: When blood is mixed with the 
proper proportion of distilled water, hemolysis occurs very rapidly, and the mix- 
ture beeomes fluid and homogeneous almost at onee; but if allowed to stand for 
any length of time at room temperature, it begins to stiffen and jell slightly. 
Therefore, the optimum time to reinject the mixture is within ten minutes after 
mixing. 

Il. Determination of Amount of Injection—We know from Ross’s estimation 
of the number of parasites present during a malarial paroxysm, that a consider- 
able amount of blood must be destroved during each ehill. It seemed to us 
therefore, that much larger amounts of lysed blood than indicated in the liter- 
ature could be injected with impunity. Working first with rabbits, we found 
that they eould easily tolerate an injection of as much as 52 ¢.e. of total solution, 
consisting of 20 e.e. blood, 2 ¢.¢. citrate, and 30 ¢.c. distilled water. 

Thus encouraged, we then proceeded with similar experiments in human 
heings. As stated above, the average minimal hemolytic ratio between blood and 
distilled water was found to be 1:1. In order to be perfectly accurate, one 
should, no doubt, determine the hemolytie ratio in each patient treated; however, 
in this type of experiment average values are adequate. We therefore decided 
to employ routinely a proportion of three parts distilled water to two parts 
blood, feeling that such a mixture would cause optimal hemolysis without too 
great an excess of distilled water in the majority of cases. 


In all, seven patients were observed ; their ages varied from 30 to 57 years. 


The diagnosis in each case was general paresis. Some had received fever therapy 


prior to the present investigation. These and other data are summarized in Table 
I since they may have a possible bearing upon the results obtained. Certain 
¢linieal data, such as temperature, pulse, blood pressure, and subjective sensa- 
tious, were also recorded for several hours before and after the injections. 
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TABLE I 


AMOUNT OF INJECTION IN ©.C, 


NAMI DURATION HOURS OF 
DIS 


AND DIAGNOSIS OF FEVER 105 ‘ Me. aoe 
BLOOD CITRATE, TILLED | TOTA 


GKROUP SYPHILIS ro 106 Brose 
WATER 


H.F. General paresis 56 t 16 1d 
G.F. General paresis 35 2 yr.| Malari: 


General paresis, optic 
atrophy, retinitis 
General paresis 


General paresis, cachexia 
General paresis, 6th 
nerve palsy 


General paresis, funnel 
chest, tachveardia 


The amounts of hemolyzed blood injected ranged from 10 ¢.¢e. to 50 ¢.e., the 
average being 33 ¢.e. The technique is quite simple. Into a 100 ©. syringe is 
placed enough sodium citrate solution to make up 10 per cent of the amount o! 
blood that is withdrawn from the vein. This citrated blood is left in the svringe, 
and, after sticking a sterile cork over the point of the needle to prevent leakage, 
is shaken vigorously for about five minutes. Then one and a half times as muel) 
distilled water is drawn into the same syringe to make a proportion of 3:2, and 
the mixture is again agitated for five minutes. Finally the entire solution is 


reinjected intravenously. If the total amount of the solution is more than th 


syringe can hold, the distilled water may be placed in a beaker and the blood 


mixed with it by swishing it back and forth through the syringe. Aside from 
warming the distilled water to body temperature and keeping the entire pro- 


cedure aseptic, no other special precautions are necessary. 
RESULTS 


Not the slightest discomfort was experienced by any of the patients follow- 
ing the injection. In no ease was there even the semblance of a chill or a sign 
of jaundice. The temperature and pulse rate were not affected. Blood pres- 
sures in a few cases showed transient changes, but these were so slight and 
inconstant that no significance has been attached to them. 

Il, The Leucopoietic Response. A. Method of Determination.—Betor 
tempting to evaluate the leucoeytie response to any pathologie or ehemieal cis- 
turbance, it is important first to determine an adequate normal base line derived 
from frequent successive readings, for it is now recognized that continual fluetua- 
tions occur in the white blood cells even under physiologic conditions. Accord: 
ingly the following method of comparison was adopted. Each patient was 
observed during an eight- or ten-hour period, usually between 8:00 a.m. end 
3:00 to 5:00 P.M., on two successive days; the first day served as a control period, 
the second day a period of autohemotherapy. <All other factors were kept as 


constant as possible. The patient was kept in bed and allowed a regular hvvise 
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diet. Blood counts and films were obtained at thirty- to sixty-minute intervals 
during each eight- to ten-hour period, using Bureau of Standards pipettes and 
ecunting chambers. 

Altogether a total of 115 blood specimens were taken; 51 during the control 
periods and 64 during the injection periods. With the above facts in mind, we 
feel that the averages of our numerous readings afford a reasonably accurate 
criterion for estimating our results, and that any alteration of the basal aver- 
age amounting to 10 per cent or more ean be looked upon as the specifie result 
of the autogenous blood injections. 

CHART 1 


GROUP A. Leucocytosis following intravenous 
injection of hemolyzed auto-blood. 





4B Kast 7 a.m 
Mood inyection 
8/5 am 














Time in hours 
Hemogram after injection of blood 
----Control hemogram 


B. Results—We found that our patients fell into two groups: Group A 
(four patients) exhibited an increase in all the leucoeytie elements following 
autohemotherapy. Group B (three patients) showed a decrease. The averages 


and percentage changes for each patient are summarized in Table II. Onl) 


changes of 10 per cent or more are recorded numerically, those below 10 pe! 
cent being marked N. S. meaning ‘‘not significant.’’ 

Taking up each element of the hemogram separately, first in Group A, 
will be noticed that the total white cell count displays elevations, varying fro! 
10 to 19 per cent; of the differential elements, the polymorphonueclear cel! 
reveal the most consistent increases, varying from 14 to 23 per cent; the lympli 
eytes exhibit significant rises in two eases; while the monocytes develop t)e 
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ereatest and most inconsistent fluctuations, varying from ‘‘not significant’? in 
two eases to a tremendous increase of 267 per cent in one ease. The average 
changes for the four patients are as follows: (1) total leucoeytes 14 per cent 
increase, (2) polymorphonuclear cells 21 per cent increase, (3) lymphocytes 
‘not significant,’’ and (4) monocytes 30 per cent increase. 

Considerably greater alterations occur in Group B. The reductions in the 
total number of white blood cells vary from 17 to 38 per cent; polymorpho- 
nuclears, from 20 to 42 per cent; lymphocytes are relatively unaffected, showing 
a significant reduction in only one case; monocytes vary from ‘‘not signifieant’’ 

CHART Il 
GROUP B. Leucopenia following intravenous 


injection of hemolyzed auto-blood 


— See > 


“yection 
‘5? IS am. 


- - Av.8,800. __! 





oA 


_Polymorphonuclear— Leucocytes __| 


. Av. 9L85___3 











6 7 86 9 
Time in hours 
Hemogram after injection of blood 
--— Control hemogram 


to 69 per cent. The average changes for the three patients are as follows: (1) 
total leucoeytes 25 per cent reduction, (2) polymorphonuelear cells 30 per cent 


reduction, (3) lymphoeytes 13 per cent reduction, and (4) monocytes 40 per 


cent reduction. Changes in eosinophiles and basophiles are so slight that they 
have not been recorded. 


So much for the individual eases. Somewhat more interesting is a study of 

group as a whole. To this end the reader’s attention is directed to Charts 

id Il which are composite graphs of Groups A and B, respectively. These 

graphs do not necessarily reflect the events in any one ease, but rather serve to 

indicate the general trend that a group may be expected to follow when sub- 
jected to the conditions of these experiments. 
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Group A 

lL. Total Leucocytes.—Within the first hour after injection, the white count 
develops a slight increase of 7 per cent above the basal average, then drops 
during the second hour to nearly the same level below the base line. Another 
peak is reached during the fourth hour with an inerease of 25 per cent abov 
normal; this is again followed by a depression. Then there is another gradual! 
ascent until at the eighth hour the highest peak is reached, 40 per cent above 
the base line. Ten hours after the injection the count has fallen considerably, 
but still remains a little above the basal level. 

2. Polymorphonuclear Leucocytes.—The pattern of this curve follows that 
of the above very closely, although the quantitative changes are somewhat 
greater. As in the first curve, the highest peak is reached in the eighth hour, 
this time rocketing 44 per cent above the basal level. The qualitative resem 
blanee in the patterns of these two curves is in itself a hint that the changes in 
the hemogram are due primarily to the lability of the polymorphonueclear cells 
more than any other leucocytie constituent. This facet is corroborated by the 
numerieal data in Table IT. 

3. Lymphocytes —Here the pattern of the graph changes considerably 
During the first two hours there is a progressive decrease to 30 per cent below 
the basal average. Not until the third hour does the count begin to rise, but 
then it ascends until at the fourth hour it has reached a peak of 23 per cent 
This is followed by a gradual depression, then another elevation until it reaches 
a second peak, 27 per cent above the base line in the ninth hour. Thus, the 
Ivmphoeyte curve lags at least an hour behind the polymorphonuelear cell curv 
at every point, again demonstrating the more sensitive lability of the latte 
type of cells. 

4. Monocytes —The fluctuations in these cells are much more irregular and 
inconstant than the others, and are therefore more difficult to deseribe. Just as 
in the ease of the other cells, the highest peak occurs late, in this ease ascending 


to 120 per cent above the normal average in the eighth hour. 


Group B 

1. Total Leucoe ytes. Group B differs from (;roup A not only in direction 
but also in intensity; ie., it develops leucopenia following autohemotherapy, 
and this leucopenia is quantitatively greater than the leucoeyvtosis of Group A 
(see Table IT). 

The initial reaction following injection is a progressive diminution in 
white cell count until a point is reached 30 per cent below the base line during 
the second hour. Thereafter, just as in Group A, there are a series of peaks ¢ 


depressions, never, however, rising above the base line, and finally reaehins 


low point of 36 per cent during the ninth hour. In facet, the reaction is ¢ 
metrically opposite to that of Group A. Although at first glance nothing co 
seem more remote, closer examination reveals the peculiar fact that the patt 
of this and the polymorphonuclear cell curves are almost mirror images of ¢ 
same respective curves in Group A (see Chart IIT). 





DEAN-SOLOMON: INTRAVENOUS AUTOHEMOTHERAPY 783 

2. Polymorphonuclear Leucocytes.— Again the initial reaction is a drop, 
followed by the usual suceession of peaks and valleys, the latter descending to 
lower levels each time and finally reaching the lowest point, 46 per cent below 
the basal level in the ninth hour. Above has been mentioned the curious fact 
that this curve is almost the direct reverse of the polymorphonuclear cell curve 
in Group A. If the reader will superimpose Chart I upon Chart IT in sueh a 
manner that the base lines of the ** poly’ eurves coincide and the corresponding 
peaks and depressions point in the same direction, the amazing similarity in the 
patterns of the two curves will be strikingly demonstrated (see also Chart TIT). 
3. Lymphocytes.—Uere also the initial reaction is a drop in the second 
hour, followed by a series of rises and falls. The greatest drop, in this case 


AZ per cent, occurs in the fifth hour. 


CHART Ill 


Comparison of Curves in Groups A and B 
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4. Wonocytes—Contrary to the three previous graphs, the initial reaction 
here is a sharp aseent to a peak 8O per cent above the basal level at the end of 
the first hour. Here also we see the characteristic peaks and depressions, the 
lowest point being reached in the sixth hour. 

The tenacity of the leucopenia throughout Group B is evidenced by the 

that none of the curves reach the control base line even ten hours after 

injection. 


DISCUSSION 


In our hands the intravenous injection of relatively large amounts of hemo- 
ed autoblood has been singularly free of discomfort, pain, or any other ap- 
ent ill effeets. Even the feeble patients, R. B. and S. E., whom we regarded 
i considerable trepidation, fared no worse than their hardier brethren. 
hough we did not exeeed 50 ¢.c. of blood or a total of 130 e.¢. of hemolyzed 
ition in this series, we have reason to believe that larger amounts may be 

ised without harm. Attention is called to the safety of the procedure and the 
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simplicity of technique not only for its therapeutic but also for its experimental 


implications; thus, the elinician and the hematologist will recognize in_ this 
medium an interesting means of studying such morbid conditions as hemolytie 
icterus, blood-destroying diseases like malaria, the mechanism of leucopenia and 
leucoeytosis, ete. 

A few facets already touched upon may require further comment in our 
discussion. There is, for example, the question of the use of citrated versus 
whole blood. Desearpentries'’ *? emphatically denounces the use of anticoagu- 
lants, claiming that any substance that disturbs the physiologic functions of the 
blood to the point of preventing coagulation, must equally disturb other fune- 
tions whose aim it is to defend the organism against infection. It would seem, 
however, that his objection is more hypothetical than real. The lysis of blood 
by distilled water in itself produces a profound alteration in physiologie fune 
tions, and it is diffieult to conceive how the addition of a relatively innocuous 
anticoagulant can have any more deleterious effect. Besides, there is an impor- 
tant advantage in using an anticoagulant, since the process of hemolysis is 
hastened thereby, and the technique greatly simplified. 

Another subject for discussion deals with the question of prolongation of 
hemolysis in the blood stream. Our experiments have indicated that, at least 
in vitro, when more blood is added to a hemolytie system in equilibrium, fur- 
ther hemolysis does not oceur. When, as in our procedures, we employ a small 
excess of distilled water, i.e., a ratio of 3:2, it is possible that very slight addi- 
tional hemolysis occurs at the moment of injection, but there is no evidence to 
indieate that it is prolonged, and for practical purposes it is so insignificant that 
it may be ignored. 

So much for the details of technique. Thus far we have been dealing with 
self-evident facts that require little elaboration. We come now to the second 
phase of our work, namely, the leucopoietie response—a phase that is easier to 
deseribe than to interpret. In fact, any attempt to arrive at a final interpreta- 
tion at this time could only result in a pedantie flight into the realms of abstract 
speculation far beyond our immediate horizon. Therefore, until we have col- 
lected more cases, we will confine ourselves in this report to a simple presenta- 
tion of facts, at the same time raising such questions and making such sugges- 
tions as may seem pertinent to the material at hand. 

The first and most important question that demands consideration is this: 
Why does one group of individuals develop leucocytosis and another leucopenia 
following the intravenous injection of hemolyzed autoblood? In Table I are 
listed a few of the factors that might conceivably influence the type of reaction ; 
but careful examination of these factors throws little light upon the problem. 
Thus, the presence of complicating disease, the age of the patient, and the dura- 
tion of syphilis show a similar distribution throughout both groups. We won- 
dered if repeated bouts of fever might lessen the hematopoietic response. \e 
found, however, that patients R. B. and S. E., although receiving no fever at «ll, 
fell into two different groups; and that C. C., in spite of eighty hours of fever to 
his eredit, developed a leucocytosis. 
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Does the amount of blood that is injeeted have any influence upon the type 
of reaction? W.S. and S. E., who received the largest amounts of blood, both 
developed leucopenia; but, on the other hand, C. K., with only 30 ¢.¢. of blood 
also developed leucopenia, whereas R. B. with 40 ¢.¢. of blood exhibited the 


opposite reaction. The relationship is therefore not clear as yet, although we 


hope that further investigation will solve this important problem. 

Although at first glanee nothing would seem more remote than the pos- 
sibility of a connecting link between the opposing reactions of Groups A and B, 
careful analysis of the data and the three charts will reveal many points of 
similarity between them. <A striking characteristic in each case is the irregu- 
larity of all the curves. The elevation or depression does not proceed evenly 
upward or downward, but rather by a series of irregular, tidelike fluctuations, 
until the peak of leucoeytosis or the trough of leucopenia is reached. Another 
important similarity is the late period in which the maximum leucocytosis or 
leucopenia develops. This fact emphasizes the necessity of making frequently 
repeated observations over long periods of time. Again, in Group A the leuco- 
eytosis is due primarily to an inerease in neutrophilic polymorphonuclear leuco- 
evtes, the lymphoeytes being at first depressed and increasing relatively later. 
In Group B the leucopenia is also chiefly polymorphonuelear in nature, the 
lvmphoevtes being relatively unaffected. We cannot resist the opportunity, at 
this point, to eall attention to the many points of similarity between this type 
of neutrophilic leueopenia and the leucopenia of malaria, and to suggest that 
blood destruction is in both cases the common factor which may be responsible 
for that reaction. We hope to develop this conception more fully in our forth- 
coming report on autohemopyretotherapy. 

We have spoken of the various characteristics that Groups A and B possess 
either separately or in common. But the one that has piqued our curiosity more 
than any other still remains to be diseussed. We refer to the mirror-image rela- 
tionship between the total leucocyte and, even more strikingly, between the 
polymorphonuelear curves of the two groups. In our opinion, this phenomenon, 
more than any other, establishes definitely the specific nature of our results. 

We realize that seven patients do not form a very imposing array from 
which one might be tempted to draw final conelusions; but, on the other hand, 
they have been so painstakingly investigated and have yielded such significant 
data that the subject seems to be worthy of considerable additional investiga- 
tion. This we are planning to undertake. Meanwhile, it is hoped that this 
preliminary report, by calling attention to the many interesting problems in- 
volved, may lend added impetus to the experimental study, not only of the 
newly eoneeived autohemopyretotherapy, but also autohemotherapy in general. 
Finally, in closing our diseussion, we would like to make this plea: Let those 
Who are interested in elevating autohemotherapy to the rank that it merits 
devote attention not alone to its therapeutic manifestations, but also to the sei- 
entific mechanism underlying them; for one must depend primarily upon the 
experimental approach if it is desired to establish autohemotherapy upon a 
permanently sound foundation. 
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SUMMARY 


1 A simple method is deseribed for the intravenous injection of hemo 
lvzed, citrated, autogenous blood. The use of this teehnique makes possible the 
injection of relatively large amounts of blood, without ill effects. 

2. According to the nature of the leucoeytic reaction following the injee- 
tion, individuals are found to fall into two groups: Group A exhibits leuco- 
evtosis; Group B, leucopenia. Separate characteristics and points of similarity 
hetween the two groups are pointed out, the most striking being the faet that 
the curves of the total leucoeytes and polymorphonuelear cells of each group, 
although opposed in direction, are, nevertheless, mirror images of eaeh other. 


These phenomena are taken to indieate the specifie nature of the results obtained 
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CHANGES IN ERYTHROCYTE FRAGILITY DUE TO PHYSICAL 
EXERCISE AND VARIATION OF BODY TEMPERATURE* 


JOHN EMERSON Davis, PH.D., UNiversiry, ALA. 


N 1921 Hastings' showed that the resistance of erythrocytes to laking by hypo 

tonic salt solutions is increased in dogs immediately after a period of tread 
mill running. Lieberman and Aeél? reported similar findings in rabbits, guinea 
pigs, and men, with the exeeption that they observed a decreased erythroeyt: 
resistance for ten minutes immediately after the exercise period. 

Thorner® reported an increase of erythroevte osmotic resistance in dogs as é 
chronic effect of daily physical training by treadmill running. Davis and 
Brewer* reported a decreased erythroeyvte resistance in one dog trained by tread 
mill running, and an increased erythrocyte osmotie resistance in two dogs trained 
by daily swimming in water at 30° ©. These workers suggested that the bod) 
temperature during exercise may be an important determining factor. 


One purpose of this investigation was to obtain more data upon the chromic 


effect of treadmill running on cell resistance in dogs. Another objeetive was 


*From the Department of Physiology, Medical College of Virginia, Richmond. 
Received for publication, August 31, 1937. 
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investigate a possible relationship between body temperature and erythrocyte 
osmotic resistance, 
PROCEDURE 


Five dogs were confined in a large cage and placed on a constant diet of 
Purina dow food for two weeks before control determinations on the blood were 
made. Erythrocyte fragility determinations were then made on each dog by 
Hastine’s method! at various times over periods of from one to two and one-half 
weeks. Erythroeyte numbers and hemoglobin percentages (Sahli) were also 


determined. The blood was drawn from the saphenous vein, after the dog had 


ged RESISTANCE of ERYTHROCYTES 
a 


J 








CONTROL PERIOD 


0 1 2 3 4 
WEEKS of EXERCISE 


Fig. 1.—The chronic effect of daily trendmill running upon the osmotic resistance of 
hrocytes in five dogs The resistance is expressed as the percentage of sodium chloride 
tion that causes 50 per cent hemolysis. 


rested quietly (blindfolded) on a table for twenty minutes, and was also in a 
basal state with respeet to previous exercise and food. 
The daily exercise during the training period consisted of running a dis- 
‘eof 5 miles in one hour on a treadmill inelined at a 25 per eent grade. A 
minutes of rest was always allowed the dogs after the first half-hour of 
ling. 
In later studies designed to investigate the influence of body temperature 
n red cell fragility, dogs were immersed in a tank of water for a period of 
ty minutes. The water in the tank was maintained at 43° C. in experiments 
intended to raise the body temperature, and at 22° C. when it was desired to 
recuce the reetal temperature. 
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RESULTS 


Chronic Results —In all five dogs, the erythrocytes became less resistant 
osmotically during the first week of treadmill running. This result is not in 
agreement with the work of Thérner® (Fig. 1). The resistance is expressed in 
terms of the concentration of sodium chloride whieh caused 50 per cent hemoly- 
sis in one hour. Dog No. 4 died of pneumonia after losing weight rapidly, but 
all of the other animals appeared to be exceedingly healthy and lost no weight 
throughout the experimental periods. 

During the first week of regular exercise, the hemoglobin per unit volume 
of blood was reduced in all dogs by 10 to 18 per cent of the preexercise normal 
value, and the erythroeyte numbers were reduced correspondingly. After 3.5 
weeks of training, the erythroeyte numbers of Dogs 1 and 2 exeeeded the pre 
exercise normal value by 20 and 14 per cent, respectively. These findings con 
firm previous work by Davis and Brewer.‘ 

It was suspected that the apparent fragility of erythroeytes might be re 
lated to changes in the osmotic pressure of the blood serum due to regular daily 
exercise. Therefore, the freezing point depression of the serum was determined 
occasionally in two of the dogs on blood from the same samples which furnished 
material for fragility tests. These determinations were made with a Heidenhain 
thermometer on 5 ¢.c. samples of blood serum. No correlation was found in these 
experiments between the erythrocyte osmotic resistanee and the serum osmotic 
pressure. 

TABLE I 
AVERAGE CHANGES IN THE BLoop oF Two Dogs IMMEDIATELY AFTER TREADMILL, EXERCISI 
DOG NO. 3 pOoG NO. 2 


BEFORE AFTER 20 BEFORE AFTER 30 
EXERCISE MINUTES RUN EXERCISE MINUTES RUN 
Erythroeyte number 4,800,000 i 5,570.0 Th) 5,770,000 7.440.000 
Hemoglobin per cent 67 79 S35 100 
(Sahli) 
Hematocrit cell volume 27 per cent 52.5 per cent 4+ per cent 43.5 
sody temperature 1015 105.4 100.8 
(Fahrenheit ) 
Serum osmotic pressure (/ ) 0.526 0.551 O.547 
R.B.C. Fragility as per cent O.440 O.414 0.471 
NaCl for 50 per cent 
laking 


Results Immediately After Exercise—Table | is presented to show changes 
in body temperature, erythrocyte fragility, and serum osmotie pressure that 
were observed immediately after exercise. All values given for each dog are tlie 
average of three experiments. In all experiments all of the values for each de- 
termination changed in the same direction, except in one experiment on Dog 
No. 2 in which the serum osmotie pressure was observed to be diminished after 
exercise. The increased osmotic resistance reported here confirms the work of 
Hastings' on the dog, and the older work of Manea® (1896), cited by Hastings, 
for human beings. Hastings found an increased chloride content of the plas! 


and a deereased chloride content of the erythrocytes after exercise, and suggest e 


the possibility that the osmotie pressure of the cell contents may be diminish 
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TABLE IT 
Errect oF Hor anp CoL_p BATHS ON THE Dog 


HOT BATH IN WATER AT 45° ¢, COLD BATH IN WATER AT 25° c. 
FOR 30 MINUTES For 30 MINUTES 


IMMEDI- 24 HOURS IMMEDI Joy HOURS 


BEFORE ATELY BEFORE ATELY 
wae AFTER es | AFTER 
AFTER AFTER |—— 


irvthroevte number 5,190,000 | 6,310,000 ae £930,000 — 6,920,000 4,860,000 
. : | 
we 


Hemoglobin per cent 72 95 : 68 9] } 75 
(Sahli) 

Hematoerit 27 per 34 per ae 32 per 10 per 3D per 

cent cent eent eent cent 

Body temperature 101.9 104.4 101.3 99.6 101.0 
(rectal) 

R.B.C. Fragility as per 0.427 0.417 0.444 0.464 0.450 
cent NaCl eausing 50 
per cent hemolysis 


Hot and Cold Baths.—Table IL shows typical experiments in which dogs 
were given hot and cold baths of thirty minutes’ duration. Immediately after 
a hot bath, the osmotie resistance of red cells is increased, but twenty-four hours 
later it is decreased to a value below the normal. The increase of reetal tem- 
perature observed immediately after the bath was about 2.5° F. This was not so 
great as that observed after exercise, but the increase in erythrocyte resistance 
was also correspondingly less. Cold baths caused just the opposite changes in 
resistance, namely, a decrease immediately after, and an increase above normal 
twenty-four hours after the bath. The body temperature was lowered by about 
1.7° F. by the cold baths. Practically no exercise was involved in these baths. 

No correlation was found to exist between occasionally determined serum 
osmotic pressure and erythrocyte fragility after the baths. 


DISCUSSION 


[ believe that the subnormal cell resistance observed twenty-four hours after 
a hot bath is eaused by the same factors which produce a diminution of resist- 
ance during a period of physieal training by treadmill running, and that the 
elevated body temperature during running or hot bathing is primarily re- 
sponsible for the observed changes in red blood cell resistance. Similarly cold 
baths seem to affect the cell resistanee to laking in the same manner as exercise 
by swimming in cool water, as regards the chronie or delayed effect previously 
reported by Davis and Brewer.‘ 

Riee and Steinhaus* have shown that treadmill running produces in dogs 
an inerease in the pH of the blood, and that this is due to overheating, over- 
ventilation, and blowing off of carbon dioxide by the lungs. Their dogs were 
run for about one-half an hour at a speed of 5 miles per hour on a treadmill 
inclined at 25 per cent grade. These exereise conditions are almost identical 
With those which prevailed in my experiments given in Table I. Since I did not 
atiempt to determine the pH of the blood, I have not precluded the possibility 


that this is a determining factor in red corpuscle resistance changes due to phys- 


len! exereise, 
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CONCLUSIONS 


Daily treadmill running produces in dogs a decrease in the (resting) re 
sistance of erythroevtes to laking by hypotonic salt solutions during the first 
week of training. The erythrocyte osmotic resistance, as determined immedi 
ately after running exercise, is increased. 

The body temperature during exercise is probably a primary factor in caus 
ing this chronic decrease due to daily running exereise as well as the previously 
reported increased resistance produced by daily swimming in water at 25° to 
30° C. Hot baths caused the same changes of erythroeyte fragility as treadmill 


running, while cold baths produced the same chronie change as swimming. 
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THE EXCRETION OF SULFANILAMIDE IN PERSPIRATION* 
Wavrer J. HighomMan, Jr., Cu.k., Curcaco, Iu. 


Hk measurement of the sulfanilamide exereted in urine has been proposed 
by Marshall' as a method by which the dosage of prontylin might be measured 
and by which the efficacy of that dosage might be estimated. The low exeretion 
of this drug in the urine of one of our patients during an extreme hot spell led 
us to extract his clothing and to test the extract qualitatively for sulfanilamice. 
We found that appreciable amounts of this compound were recovered from tly 


perspiration contained in the clothes. The clothes of five subsequent patients on 


this medication were extracted. Prontylin was recovered in apprecialle 


quantities in each case. We feel, therefore, that in hot weather, the excretion ot 
para-amino-benzenesulfonamide in perspiration may lead to its lowered excretion 
in the urine. 
REFERENCE 
1, Marshall, E. K., Jr., Emerson, K., Jr., and Cutting, W.C.: Para-aminobenzenesulphonat 
J. A. M. A. 108: 953, 1937. 


*From Department of Pediatrics, University of Chicago. 
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DEGENERATIVE LEUCCOCYTIC TRANSFORMATIONS 
ASSOCTATED WITH AGING® 


DIFFERENTIAL IDENTIFICATION OF MONOCYTES 
LOWELL A. Err, M.D., New Yorn, N. Y. 


HE life span of human white blood cells in the peripheral blood stream 

varies from a few hours to approximately four days,'** White blood cells 
in sealed (vaseline) cover slip preparations have a similar life span. Sueh 
preparations with supravital stains’ offer a means for studying viable cells. 
Together with other factors, the viability of white blood cells is determined by 
the cell motility, the movement of granules and vacuoles within the evtoplasm, 
the size of the vaeuoles, the Brownian motion, and changes in the staining 
characteristics of these intracellular struetures. In the original technique of 
Sabin both neutral red and Janus green are employed for staining purposes. The 
former is only slightly toxie to cells,“ whereas the latter does not permit 
the cells to survive more than three to four hours and, therefore, is not. satis- 
factory for prolonged studies. In view of this facet, we emploved the Sabin 
technique with the exclusion of Janus green to study the life span of white 
blood cells at room temperature. 

Of the many changes which oceur during the life span of a white blood cell 
in vitro, those associated with the vacuoles are most interesting; the process of 
autolysis being the final stage. Vacuoles take up the neutral red stain and there- 
by become readily visible. It is believed by some that vacuoles are cytoplasmic 
invaginations in which digestive processes take place, and that the enzymes 
produced for these digestive processes absorb the neutral red.) '" White blood 
cells, when grown on tissue culture media, develop vacuoles with age.'' We 
have observed that this also occurs in the neutral red supravital preparations 
and that these vacuolar changes are chiefly responsible for the morphologic 
alterations of the cells during cellular degeneration. 


The majority of white blood cells of human peripheral blood develop vacuoles 


in these supravital preparations. Among other changes we have observed 


Specifie vacuolar alterations in the monocytes. These are quite uniform and 
‘tant in their development. During the first ten to twenty minutes of stain- 
the monoeytie vacuoles are small (size of neutrophilic granules), of salmon 

color, and often arranged in a rosette. For the next two to three hours 


enlarge gradually until a nearly uniform ovoid shape of about one micron 


*From the Laboratories of the Mount Sinai Hospital, New York. 


Received for publication, Sept. 23, 19387. 
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in diameter is seen. At this stage we find the cytoplasm of the monocyte filled 
with uniformly stained vacuoles; the cell itself becomes nonmobile and assumes 
a spheroid shape. Such monocytes resemble macrophages because of the numer 
ous vacuoles which are common to the latter. The development of the vacuoles 


during the first two to three hours may be due to some process associated wit! 


Mecrophagic Epithelioid Fibroblastic 


st Stage Stare 


age Stage 
(10 to 20 min.) (2 to 3 hr.) (10 to 20 hr.) (plus 30 hr.) 


Fig. 1.—Diagrammatiec presentation of sequence of degenerative changes observed in neutral! 
red supravital preparations of monocytes. See text. 














Fig. 2.—The “‘macrophagic” stage of a normal human monocyte from a_ three-hou! 
cover slip preparation after fixation and staining by the Jenner-Giemsa technique (200). 
See text. 


starvation, since Koehring observed that paramecia grown on rich media ce- 
veloped few vacuoles, whereas on nutritionally inadequate media vacuolar ce- 
velopment was marked. 

After this ‘‘macrophagic’’ stage is maintained for a number of hours (five 
to twenty-four hours), the monocytes begin to degenerate and the vacuoles 
continue to expand and subsequently rupture and lose their red-stained contents. 
Some of the monocytes become a degenerated colorless mass within forty-e' 
hours while others partially maintain their eytoplasmie continuity and enlarg 
assuming an appearance similar to epithelioid cells, Later, when the eytoplasm 
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Fig. 3B. (X2000) 


, Fig. 3.—Blood from a case of monocytoid myeloblastic leucemia, illustrating the effect 
of ing in a neutral red supravital preparation; A, before the preparation and B, five hours 
aft preparation, showing the ‘“‘macrophagic” state of vacuolar degeneration. 
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heeomes frayed, with all of the vacuoles ruptured, some cells assume an appear 
ance similar to that of fibroblasts. Apparently only the very viable cells go 
through all of the morphologie stages described above. The sequence of events 
is illustrated diagrammatically in Fig. 1. 

It is possible to obtain permanent records of any of these stages by gently 
removing the cover slip and then fixing and staining the blood smear. This is 
illustrated by Fig. 2, which demonstrates a Jenner-Giemsa stained cell at the 
three-hour stage when vacuolated monocytes resemble macrophages in appear 
anee, 

The above-mentioned observations become of practical interest when it is 
difficult to differentiate between monocytes and promyeloevtes. The develop 
ment of numerous vacuoles in the monocytes in a neutral red supravital prep 
aration offers a definite criterion for the identification of these cells. However, 
if the cells under question do not show uniform vaeuolization within three hours, 
they are in all probability myeloevtes. 

As we have already stated, vacuolization is common to most white cells on 
aging, but the extent of this process is not so characteristic in other cells as it is 
for the monocytes. The faet that different white cells develop numerous vacuoles 
and thereby approach macrophages has given rise to the concept that macro 
phages may originate from other cells. 

Awrorow and Timofejewskij'? concluded that myeloblasts and lymphoeytes 
were changed to macrophages when leucemice blood was cultured. We hav 
observed similar changes with the neutral red supravital technique (Fig. 3 
rom the morphologic point of view it is difficult to distinguish a true macro 
phage from the *‘macrophagic’’ stage of various degenerated cells. However, 
whereas the true macrophage is actively phagocytie for debris and fragmented 
red cells, the **macrophagie’’ cells do not exhibit a similar functional activity. 

In addition to the above it is believed by many that lymphoeytes develop 


into macrophages,'*'’ that reticulum cells develop into macrophages,'® that 


monocytes are transformed into macrophages and subsequently into epithelial 
eells,'*?" and that both myeloid and lymphatie leucemia blood cells?! change 
to vacuolated **macrophagie”™’ cells. With the neutral red supravital technique 


the development of the *‘macrophagic’’ stages in lymphoeytes, reticulum cells, 


monocytes, lymphoblasts, and myeloblasts can be observed. 

Although polymorphonuclear leucoeytes do not usually undergo apprecialle 
changes in neutral red supravital preparations, it is possible to observe the 
‘*macrophagic’’ stage even in these cells. This may be exemplified by 
changes observed in the polymorphonuclear leucoeytes in septie tissue site 
(Fig. 4). 

The fact that so many different types of cells assume a similar appearal: 
during aging, but do not reveal the specific functional aspects of macropha: 
is indicative of the possibility that these cells do not become true macropha 
but are merely passing through one aspect of the degenerative process that 


have deseribed above. 
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It seems to us that if true macrophages can develop from monocytes, one 
should find many more macrophages in tuberculosis, leucopenic infectious mono- 
evtosis, undulant fever, Hodgkin’s disease, ete., in which monocytes are ab- 
normally inereased. Furthermore, it might be expected that in such instances 
in whieh macrophages are found in increased numbers (malaria, kala azar,?* 
subaeute bacterial endocarditis, and syphilis**), an associated or proceeding 
monoeytosis would be observed. Likewise, there is no increase in the number of 
macrophages following the monocytosis of the bloed** of human subjects subjected 
to tuberculin injections. 

These considerations lend emphasis to our observations that the develop- 
ment of cells resembling macrophages is not indicative of a funetional trans- 
formation but is merely a degenerative phenomena associated with aging of the 














Polymorphonuclears and monocytes obtained from the pus of a furuncle. These cells, 
through vacuolated degeneration, have developed a macrophage-like appearance. 


cells irrespective of whether this process oceurs in vivo as a development of so- 


called macrophages in pleural, abdominal, and other cavities, or in vitro as in 
the neutral red supravital technique. 
SUMMARY AND CONCLUSIONS 

|. Various stages of degeneration of white blood cells have been observed 
With the neutral red supravital technique (Fig. 1). 

2. Monocytes can be identified by characteristic vacuolar changes (Fig. 2). 

. The development of a ‘‘macrophagic’’ stage by various white cells during 

indicates that this is a degenerative process and not a transformation of 
hysiologie type to another. 


‘he author wishes to express his appreciation to Dr. N. Rosenthal for his interest and aid. 
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LEUCOCYTIC VARIABILITY AND ITS RELATION TO 
METEOROLOGIC ALTERATIONS* 


Max Bere, M.D., Cuicaco, IL. 


| N RECENT years many papers have appeared discussing leucocytie variability 


and the various factors that influence it. It is the purpose of this paper to dis- 
cuss the influence of the meteorologie alterations on the leucocyte count. 

In reviewing the literature, our attention was first called by Alvarez' to a 
paper on Filariasis which he wrote in which he noted changes in the eosinophile- 
lymphoeyte level and variations in the neutrophile count associated with the 
eyelie changes occurring with the moon in Porto Rico. In a later personal com- 
munieation he observed an inerease in the leucoeyte count and the polymorpho- 
nuclears associated with the period of low barometrie pressure during the cyclone 
of St. Nicholas, which passed over Porto Rico on September 10, 11, and 12, 1931. 
Stetson (1927)? observed a seasonal variation in the polymorphonuclear cells, 
with the highest average percentage in June and the lowest average percentage 
in December. On the other hand, the highest average percentage of lymphocytes 
was in December. He also found day to day fluctuations in the white blood 
count in which each type of cell participated. These fluctuations were beyond 
the limits, dependant upon technical or mathematical errors. Harvey and 
Hamilton (1934)* also observed daily variations in the blood count. In one 
allergie individual these fluctuations were much greater then in the normal. Zirm 
and Bauermeister (1933)* and others have also observed abrupt changes. Shaw 

1934)° observed a case in which he made leucoevte counts for the period of one 
year. These observations were made in Cairo, Egypt. He found a persistent left- 
handed deflection, and no seasonal variations. He observed that the range of 
Variation in the year is the same as in one person in twenty-four hours but less 
than in a population. Kennedy and Mackay (1935)* observed that the poly- 
huclear count of healthy British airmen in Iraq was not significantly different 
irom the indigenous population, and both groups were definitely deviated to the 
left as compared with health standards in Britain. Also pathologie cases and 
hormal rabbit counts were more left-handed than in Britain. The authors sug- 
gested that the most probable causative factor was climatie. 

In the summer of 1932,* we became interested in studying these daily fluetua- 
tions in the leucoeyte count. We made daily counts under basal conditions at the 
Same time every morning on four normal individuals. The pipettes and count- 
ing chamber were certified by the U. S. Bureau of Standards, and the same 
pipeite was used throughout the study for each individual. 


Med From the Department of Pathology and Bacteriology, University of Illinois, College of 
ead ne, 
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Of our four normals, subject No. 1 was of a pyknic habitus; No. 2, a mixed 
type; No. 3, a leptosome; and No. 4, a leptosome of somewhat heavier propo 
tions. 

TABLE I 
PATIENT AVERAGE COUNTS 
NO. SUMMER WINTER 
9350 10,600 
D700 


7.790 8.460 
£590 


We observed that the average level of the count and the degree of fluctua 
tion varied with each individual (see Table I). Subject 1, with the pyknic 
habitus, showed the highest level, while No. 4, a leptosome who was strong] 
sympathicotonic, showed the lowest average level; and Nos. 2 and 3 occupied 
intermediate positions. In comparing the summer levels (July and August 
with the winter levels (December and January) we found that the average 
counts in winter were higher than those of the summer, while the degree of 
fluctuation was greater in the summer than in the winter. The individual with 
the pyknic habitus not only had the highest level, but also showed the greatest 
degree of fluctuations, while the strongly sympathicotonie individual not onl) 
showed the lowest level, but also showed the lowest degree of fluctuations. 

Variations in levels with constitutional differences have been previousl) 
observed by Moewes* and Isaaes,” while fluctuations of the counts around various 
levels have been observed by Doan and Zerfas,'° Smith and MeDowell,"! Jackson 
and Stovall,’? Shaw,'* and Harvey and Hamilton.* 

The average levels of the differential counts may be observed in Table II. 
The neutrophile levels are slightly lower in winter in subject 1 and almost thie 
same level in subject 3; however, both basophile and cosinophile levels are 


noticeably elevated in both in the winter. 


TABLE I] 
SUMMER WINTER 
3 4 


Neutrophiles «66 55 
Lymphocytes 31 32 46 
Eosinophiles 0.86 0.74 0.35 
Basophiles 0.06 0.21 0.19 
Monoevtes 2.2 82 1.82 2.06 


Of particular interest are the daily leucoeyte counts made during the summer 
and winter and the correlation of the counts with meteorological alterations.” 
Chart 1 is presented, summarizing the results in subjeets 1 and 3. 

At the top of the chart is the barograph. The line at the top of the graph 
represents the wind velocity ; the blocks of black and white, the percentage of sun- 
shine and cloudiness; the heavy line, the barometrie pressure; the dotted line, 


the temperature; and the vertical lines, the degree of weather instability. The 


associated peaks with the meteorologie episodes are lettered from A to Y. 
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In viewing the graphs we note that following the polar infall (rising 
barometric pressure and falling temperature) of November 15 (episode 1) ther: 
is a slight rise in the eosinophiles, a fall in the nuclear index'’ (more young 
forms), a rise in the neutrophiles and total leucocyte count, and a fall in thy 
diastolic pressure. On November 21 (episode 4) there is a marked polar infal] 
This is associated (response D) with a rise in systolie blood pressure, followed 
by a fall in the diastolic pressure, a rise in the total leucocyte count and 
eosinophiles, and a fall in the nuelear index. <A similar sequence of events of 
varying degrees is found with most of the meteorologic episodes. 

In January frequent polar infalls occur with marked changes. In general, 
the more pronounced the meteorological, the more pronounced the peaks in the 
leucocyte picture. The degree and promptness of the response varied with the 
individual. 

The meteorologic alterations have been shown for the most part to be asso- 
ciated with pressor episodes. Following these, there then occurs a vascular 
dilatation with a fall in diastolic pressure which is associated with an increase 
in the eosinophiles, the appearance of more young forms, and increase in the 
neutrophiles and in the total leucocyte count. The fluctuations may in part be 
explained by the emptying of the reservoirs of cells, such as the spleen, liver, and 
lungs.*°"S Meyer, Seevers, and Beatty'S observed a temporary leucoecytosis in 
rate following a reduction in barometrie pressure. Elias and Kaunitz'® had 
previously observed that reduced atmospherie pressure producing an anoxemia 
resulted in a leucopoiesis. Alterations in the splanehno-peripheral balance,’ 
with splanehnie dilatation and peripheral vasoconstriction and vice versa, prob- 
ably play a role. 

Besides these factors of release of leucocytes from the bone marrow, re- 
distribution of cells, and alterations of splanchno-peripheral balance, the stimula- 
tion of the bone marrow by the relative anoxemia resulting from the pressor 
episodes must be considered.'* Elias and Kaunitz'® have demonstrated the in- 
fluence of anoxemia causing a leucopoiesis, and an associated hunger increased 
the response while feeding carbohydrates decreased the level evidently by counter- 
acting the acidosis. Murakami** also observed the influence of acidosis on 
increasing the polymorphonuclear leucocytes. Bier,?? Freeman,** and _ others 
have observed the influence of anoxemia and the increase in tissue metabolites 
in stimulating flow of blood. In our group of normals at the onset of a polar 
infall, there is a relative leucopenia with a diminished number of neutrophiles. 


as well as an increase in systolic pressure ; however, at the crest of the cold front 


and during the development of a tropical wave, the systolic pressure is generally 


lowered and the diastolic pressure falls (anoxemic phase) and an inerease in 
the number of eosinophiles and young forms, an increased frequency of appear: 
ance of basophiles, as well as an increase in the total count prevails. During the 
winter, with the frequent passages of the eyelonie interfaces, with pronounced 
swings in cold and warm weather, a greater stimulation is evident in the hicher 
leucocytie level, the increase in eosinophiles, and the higher levels of fluctuation. 
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The leucocytic levels and the degrees of 


fluctuations are conditioned by the 
constitutional make-up of the individual. 


A series of daily studies on groups of patients were carried out at various 
periods from 1933 to the present day. Because the volume of material would be 
too cumbersome to present, we have confined ourselves to the daily records of 
five of the patients. 


In Chart 2 may be seen the record of patients J and G which was made 


during June and July of 1934. The record of J is placed beneath the barograph, 
while the record of G is at the bottom of the chart. 
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Chart 2 


looking over the chart of J (aleueemie lymphadenosis) we observe that 
polar episodes occurred and with seven of 


are associated (77 per cent). 


ning these peaks in the leucocyte 
The peaks are slender with reversal taking 
rapidly after the rise to reach a rather uniform base line. 

(in the other hand, the record o 
fluct vations. 
eyti 
trib 


Cour! 


plac 


G (myelogenous leucemia) shows wide 
With fourteen of the sixteen polar episodes that occurred, leuco- 
peaks are found (87 per cent). In this case we see the pronounced redis- 
ion of cells as well as stimulation of bone marrow which probably occurs 
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with the polar episodes. This is a different picture than is seen in the case o| 


lvmphatie leueemia (see patient Cr). In comparing the peaks of J and G, a 


synehronism which is very close is observed, although the characters of the peaks 


are different. 

The six-month record of a patient (R) with chronic far-advaneed pulmonary 
tuberculosis reveals the following : 

or the most part the peaks in the total leucocyte count occur with peaks 
in the neutrophiles; at times they occur with lymphocytic increases. A day or 
two after a peak in the immature cells, a peak in the neutrophiles occurs. This 
rhythm in shifting to the right in this patient oceurs regularly almost without 
exception. The peaks in the neutrophiles and total leucocytes are not alone thy 
result of the increase in immature forms, but the redistribution of cells, hydra 
tion, and other factors play a role. The eosinophile level is low and the cells 
appear at irregular times. Swings in the total leueoevte count do not oecur 
with as marked rapidity as are seen in many of the other cases. 

During the autumn the general level of the total leucoeytes is higher and the 
fluctuations are greater than during the winter. 

The per cent of immature neutrophiles is greater in the autumn (average 
17 per cent) than in the winter (average 12 per cent), while the fluctuations are 
ereater in the first period. 

During the autumn, the better response in the immature cells and increased 
level of leucoeyvtes are probably due in a good measure to the greater aetivity of 
the bone marrow. 

The record of another patient (H) with far-advanced pulmonary tubercu 
losis revealed a similar daily record to the previous case. Increases in the leuco- 
cytes are associated with most of the polar episodes (73 per cent ). 

In the daily study of a case of chronic lymphatic leucemia, we found that 
the swings in the leucoevte count are sharp and abrupt. It is very interesting 
to note that the majority of the polar infalls are associated with depressed levels 
in the leucoeyte counts, while the peaks occur after the polar episodes. This, as 
has been pointed out, is quite the opposite of what transpires in the patient with 


myelogenous leucemia. 
SUMMARY 


Alterations in the meteorologic environment bring about comparable changes 
in the human subjects under our observation. In our normals a period of in- 
creased systolic and diastolic pressure (vascular spasm) is followed by an inercase 
in eosinophiles, the appearance of more immature forms, a rise in the p 
morphonuelear leucocytes and total white count. The level and the degre 
fluctuations are in a measure conditioned by the constitutional habitus o 
individual. Seasonal variations are observed. 

In our group of patients variations in the leucocyte count occurred 
the meteorologie episodes; the degree and character of the fluctuations a1 
fluenced to varying degrees by the pathologie condition of the patient. > 
maries of the daily records of five of our group of patients are presented 
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FORMATION OF ABNORMAL BLOOD PIGMENT AS A COMPLICATION 
OF SULFANILAMIDE THERAPY* 


InvING Posner, M.D., Nope. W. Gururie, M.D., AND 
MarJorie R. Marrice, M.Sc., New York, N. Y. 


N THE past few years chemotherapeutic measures against acute infections 

have become increasingly important. Among such, sulfanilamide is out- 
standing. That it produces cyanosis is recognized. Our experience with the 
causative agent presents several interesting features. 

A mild degree of cyanosis is often seen to develop on administration of 
sulfanilamide and to persist without much change during the course of the 
therapy. Obvious cyanosis noted early in the treatment may noticeably 
diminish despite continuance of the drug, although its disappearance is con- 
ditioned by withdrawal of sulfanilamide. On the other hand, the cyanosis 
may become sufficiently intense to assume elinical importance. Four such 
cases are presented herewith, the causative agent being subjected to chemical 


scrutiny. 


CASE 1.—Female, aged 35 years, with ulcerative colitis confirmed by sigmoidoscopy 
stool examinations; on culture hemolytic and nonhemolytie streptococci predominated, neg: 


repeatedly for EF. histolytica, B. dysenteriae, and tubercle bacillus. Table I indicates 


various therapeutic measures and their relationship to cyanosis. 


CASE 2.—Male, 3 years of age, with bilateral cervical adenitis; blood culture positive 
for hemolytic streptococci, likewise pus evacuated from incised swelling on ankle; pneumococci 
obtained on incision of both eardrums. The relatively large dose of sulfanilamide required 
to produce cyanosis is shown in Table I together with other therapy employed. 

Case 5.—Male, 51 years of age, with sinusitis; culture of exudate from punctured 
antrum positive for hemolytic streptococci. Cyanosis and dyspnea appeared within eight 
hours of first dose of sulfanilamide (1.2 grams) and one hour after the second dose. Oxygen 
therapy did not relieve the cyanosis until the drug was discontinued. The cyanosis cleared 
eompletely with oxygen forty-four hours after the last dose of sulfanilamide, Other therapy 


is given in Table I. 


CASE 4.—Male, aged 314 years, with pneumonia with left empyema; thoracentesis yielded 
greenish pus containing hemolytic streptococci; excoriating serosanguineous nasal discharge 
on culture revealed C. diphtheriae (antitoxin administered); no further evidence of diphtheritic 
involvement. After 19.2 grams of sulfanilamide, cyanosis was evident. Coincident«! re 


spiratory embarrassment was greater than could be attributed to the pulmonary disease. An 


oxygen tent did not relieve the cyanosis. The course of treatment is given in Table | 


*From the Departments of Medicine and Pediatrics, New York Post-Graduate M 
School and Hospital. 
Received for publication, Oct. 8, 1937. 
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CHEMICAL DISCUSSION 


In these patients, spectroscopic examination of the blood showed that the 
abnormal appearance of the specimens was associated with an absorption band 
in the red part of the speetrum. When the blood was diluted just enough 
to allow for the passage of light, this band divided the red-orange field into 
two parts oecurring roughly in the ratio of 55:45, the line being slightly 
nearer the yellow end. On spectrometric measurement the density center 
of the absorption band, which was not sharply defined, was located at 634 
millimicrons. This is the position given for methemoglobin by Bodansky.' 
Since Koch? places this band at 631 and Haurowitz* at 625 millimicrons, the 
spectrometer was recalibrated by means of emission spectra and the position 
of the absorption bands of oxy-, carboxy-, met-, and sulf-hemoglobin verified. 

Since at the time of our observations (January, 1937) the only abnormal 
pigment associated with sulfanilamide therapy was sulfhemoglobin, particular 
care was taken to ascertain the nature of the pigment encountered in our pa- 
tients. That it was not sulfhemoglobin was demonstrated in several ways. 
Not only was the latter available for comparative study in a patient who had 
taken large and oft-repeated doses of acetanilide, but it was also prepared in 
the laboratory. Among the various bright lines used for ealibrating the 
spectrometer was the broad band in the red given by calcium. This extends 
from 618 to 626 millimierons which, in our hands, is precisely the position of 
the absorption spectrum of sulfhemoglobin. In recent investigations, Paton 
and Eaton? report 615 to 628 millimierons. According to Kahn and Good- 
ridge,” the characteristic range is from 610 to 625 millimicrons; Jean Prevot® 
located it at 610-620, Haurowitz* at 617 millimicrons. When this pigment was 
observed in a hand spectroscope under such conditions of dilution that only 
red and orange could be seen, the line divided the field into distinetly uneven 
parts, roughly in the ratio of 70:30, the narrower including the orange. Ad- 
dition of ammonia or dilute ammonium sulfide did not affect the band pro- 
dueed by sulfhemoglobin, whereas it caused the disappearance of the band 
associated with sulfanilamide therapy. Likewise, 1 per cent solution of potas- 
sium eyanide caused the immediate disappearance of the line ascribed to met- 
hemoglobin, whereas it only slightly affected the sulfur derivative. Passage 
of illuminating gas through solutions containing sulfhemoglobin shifted the 
absorption band from 615 to 631 (maximum 622) to 611 to 624 (maximum 
617) millimicrons. Clarke and Hurtley’ regarded this shift as evidence of a 
new compound, carboxysulfhemoglobin, and recorded the change in position 
of the absorption band as from 610-625 to 605-620 millimicrons. The line 
obtained with the pigment responsible for the cyanosis following sulfanilamide 
therapy disappeared on treatment with illuminating gas. 

The response to illuminating gas is disconcerting since stability to carbon 
monoxide is regarded as one of the primary characteristics of the pigment. 
Nevertheless, dilution with water also caused the absorption band to disap- 
pear. Furthermore, the methemoglobin did not persist in the unhemolyzed 
sample, but slowly reverted to normal blood pigment. This was evidenced jot 
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only by a change in the spectroscopic findings but also by disappearance of 
the typical ‘‘dirty’’ color of the blood sample. Because of this fading of the 
characteristic band, the spectroscopic examination of the blood was carried 
out immediately. In three of our cases the absorption band vanished com- 
pletely within periods varying from five to fifty minutes once a suitable con- 
centration for observation had been achieved. Excessive dilution was accom- 
panied by fading within a few seconds. Addition of a few drops of the sample 
restored the band only to have it disappear again, though more slowly. In 
one instance, the absorption band persisted overnight. This behavior was 
noted by a varied group of curious observers who, without instruction or as- 
sistance, were asked to describe what they saw in the spectroscope. 

The instability of methemoglobin is by no means a new idea. According 
to Stadie*’ ‘‘methemoglobin disappears from the circulation with great rapid- 
ity whether it is introduced by injection of methemoglobin or formed within 
the circulation by the action of chemicals or of pneumocoeci.’? Harrop and 
Waterfield® noted the ‘‘great instability of this pigment in the blood stream”’ 
and stated that ‘‘unless it is produced very rapidly it is destroyed before it is 
formed in appreciable amounts.’’ 

It should be emphasized that we have examined spectroscopieally many 
specimens of blood from patients on sulfanilamide therapy who were slightly 
eyanotie without detecting abnormal pigment. Frequently, less than thirty 
seconds elapsed from withdrawal of the blood to its dilution and examination. 
A few samples were tested without dilution by allowing a drop of blood to fill 
a thin wedge-shaped chamber formed by holding two microscope slides to- 
gether with a wire clip, a fragment of broken slide separating them at one 
end; the hand spectroscope was applied to that part of the wedge which 
blotted out all but the red-orange part of the speetrum. 

Although it is probable that as little as 5 per cent saturation of the blood 
with methemoglobin will suffice for visual detection of darkening of the speci- 
men, much larger concentrations are required for observation and measure- 
ment of its absorption band. According to Kobert (1902, cited by Peters and 
Van Slyke!®) ordinary spectroscopic examination is uncertain when less than 
25 per cent of the blood pigment is in the form of methemoglobin. Bloem,! 
in carefully controlled experiments, ascertained that the lower limit of de- 
tectability for methemoglobin was 0.3 gm. per 100 ¢.c. of blood when diluted 
1:5 and observed through tubes of 1 inch bore against a 60-watt frosted bulb. 
Bensley and Ross’ found 0.4 to 0.9 gm. per 100 ¢.c. to give a very faint band; 
over 2 gm. of methemoglobin were required to obtain an absorption band 
designated as ‘‘one plus.’’ 

Although earlier investigators consistently reported sulfhemoglobin, more 
recent papers demonstrate the presence of methemoglobin. The literature 
repeatedly warns against the concurrent use of sulfates and sulfanilamide. 
Present evidence, however, is wholly inadequate to demonstrate that sulf- 
hemoglobin is formed from sulfates or, for that matter, from sulfanilamide. 
Both compounds contain oxidized sulfur, whereas sulfhemoglobin is known 
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to be produced only in the presence of reduced sulfur. In the hemoglobin 


derivative the sulfur is negative; in these therapeutic agents sulfur functions 
as a positive element. As far as is known, sulfates are absorbed and excreted 
unchanged by the kidneys. Sulfanilamide as such has been shown to occur 
in urine. 

Sulfhemoglobin is not even produced, ordinarily, by inhaling hydrogen 
sulfide because of the rapid oxidation to sulfate in the blood stream. Yet 
sulfhemoglobin is promptly formed when only traces of hydrogen sulfide are 
available once the normal blood pigment has been altered (presumably to 
methemoglobin) by certain drugs which are chemically related to aniline. A 
single large dose of acetanilide, for instance, may suffice to produce methemo- 
globin. Its continued use, however, leads to the formation of sulfhemoglobin, 
the necessary reduced sulfur being secured from the intestinal tract where 
hydrogen sulfide may have accumulated due to stasis or to an overabundance 
of sulfur-containing foods. A patient, therefore, who needs catharsis and fails 
to get it because of an interdiction against sulfates will still develop sulfhemo 


globinemia provided the sulfanilamide ‘‘sensitizes’’ his blood pigment and his 
diet contains sulfur capable of yielding hydrogen sulfide. 

It should be recognized that cyanosis associated with methemoglobinemia 
is temporary and responds promptly to withdrawal of the causative agent. 
Except in very mild eases, cyanosis occasioned by sulfhemoglobin persists for 
weeks since the pigment is extraordinarily stable both in the blood stream 
and in the laboratory. Although the eyvanosis associated with sulfanilamide 
therapy may cause no clinical concern so long as it is due to methemoglobin, 
the possibility of the development of sulfhemoglobinemia should not be ignored. 
Sulfhemoglobin (never methemoglobin in our experience) may be detected by 
spectroscopic examination of a transilluminated ear lobe. 

Because of the slight degree of cyanosis occurring in anemic patients with 
met- and sulf-hemoglobinemia, we wish to stress the warning sounded by 
Discombe.** It is unusual for a patient with less than 5 em. of hemoglobin 


* This is regarded as the ‘‘threshold 


per 100 ¢.c. of blood to become cyanotic." 
value’’ for the appearance of cyanosis. Sinee it is the absolute level of non- 
oxygenated hemoglobin which determines the presence or absence of cyanosis, 
sulfanilamide administration must be undertaken cautiously when the total 
hemoglobin concentration is low. If the erythrocyte count is normal and 
remains so (twice weekly checking is advisable), the appearance of definite 
cyanosis is a satisfactory signal for temporary cessation of the therapy. With 
anemie patients, however, this warning is lacking. Spectroscopic examination 
may not suffice to indicate danger. 


SUMMARY 
1. Cyanosis may exist as a result of sulfanilamide therapy without 
presence of abnormal pigment being revealed by spectroscopic examinat 


2. The methemoglobin encountered in the cases described was highly 
stable, thus interfering with detection and quantitative determination. 
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3. The abnormal pigment, although very unstable in vivo, persisted dur- 
‘oxygen administration but promptly disappeared upon discontinuance of 
drug. 


4. Some of the properties of met- and sulf-hemoglobin are described. 
CONCLUSION 


The occurrence of cyanosis due to methemoglobin in four cases is pre- 
sented as a specific effect of sulfanilamide therapy. 
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HYPERINDICANEMIA IN RENAL INSUFFICIENCY AND THE 
SIGNIFICANCE OF THE DIAZO REACTION* 


Sruart R. Townsenp, B.A., M.D., C.M., Boston, Mass. 


| 1911 Obermeyer and Popper! demonstrated that indican was increased in 


he blood of uremic patients. Since then hyperindicanemia in renal insuf- 


ney has been observed and confirmed by many investigators.77* From a 
ew of this literature it is generally assumed that the normal range of 
sma indiean content is from 0.026 mg. per cent to 0.086 mg. per cent, 
ough Haas? in studying cases of intestinal putrefaction, has shown that 


*From the Renal Vascular Clinic of the Peter Bent Brigham Hospital, and the Depart- 
t of Medicine, Harvard Medical School. 

Research Fellow in Medicine Harvard Medical School. Aided by the Fund for Research 
‘enal and Vascular Disease. 
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the plasma indican may rise as high as 0.15 mg. per cent and Rosenberg! has 
demonstrated an increase as high as 7.0 mg. per cent in the plasma from cases 
in renal insufficiency. 

In addition to the diagnostic and prognostic significance of hyperindi- 
canemia, it has been suspected that indican might play a role in the production 
of uremia. This was emphasized when Harrison,"* Hewitt,’? Bolliger and 
Earlam*® and others,'*!*% pointed out that the diazo reaction of Andrewes! 
occurred only in uremia, and Bolliger and Earlam‘ claimed that the diazo 


reaction might be due to or dependent upon the indican content of plasma. 
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Fig. 1.—Spectrophotometric absorption curves of chromogen developed from = indican 
solution. A comparison of the curves obtained using blood plasma and urine show that 
three are identical. These curves were obtained with the recording spectrophotomete: 
the Color Measurement Laboratory of the Massachusetts Institute of Technology. 


The prognostic significance attached to the diazo reaction, therefore, migh 
well be the same as that of hyperindicanemia. No great consistency, however, 
has been demonstrated in the results of past studies on indiean, and the diazo 
reaction has been thought by some to be due, not to indican, but to such sub- 
stances as the eyclie amines and the aromatie oxyacids. 

In the light of such uncertainty it appeared that this subject deserved 
further consideration, and we, therefore, undertook to investigate the various 
methods of indican assay and the determination of the method most reliable. 
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Early in our work it was evident that Sharlit’s method?" was specific for 
the determination of indiean in the blood, as well as urine“! and was more 
sensitive than the procedures more commonly used. Further evidence for 
this lies in the identity of speetrophotometrie absorption curves of indican 
1h} solution (see Kio, ] anal of the chromogen developed from blood plasma 
and urine, 

Sharlit’s results, while closer to the actual values than others, are some- 
what inaccurate because of the use of cobalt sulfate (CoSO,.7HL0) as a 
standard for color comparison. Furthermore, the correction factor used in 
the original method could hardly give the desired accuracy. Nonspecific 
variables, such as glucose, play little or no part in the development of the 
color, except where low values are to be expected. 

All workers in this field are aware of the fact that pure indican itself is 
not readily available and that errors may be derived from the use of stand- 
ards other than indiean. Moreover. if the plasma indican values in renal 
insufficieney are to be of any significance, one should have a method sensitive 
enough to measure the indican content in normal individuals where the 
amounts have been shown to be small. We have been able to demonstrate 
that indican is a normal constituent of blood. present even in children as 


voune as three months of ave. 


METILODS 


Using the Evelyn photoelectric colorimeter ?? Sharlit’s method was em- 
ploved, using an appropriate filter transmitting the maximum amount of light 
at the wave length of 5400 pu. The choice of the filter for such a system was 
determined by the fact that the color developed has its maximum optical 
density at 5400 pp. as shown by the recording spectrophotometric absorption 
Curves, 

For purposes of convenience the method employed is presented in’ brief. 

few changes that have been made from the procedure as described 

vinally7* were necessitated for color measurement by the Evelyn photo- 
tric colorimeter, 

Two cubie centimeters of plasma were diluted with 3 c¢.c. of distilled water 

deproteinized by precipitation with 5 ce. of 25 per cent trichloracetic 

To 5 «ec. of the clear filtrate (the aliquot beine equivalent to 1 ¢.¢. of 
ma) in a calibrated centrifuge tube were added 5 drops of a 1 per cent 
ion of potassium persulfate and 0.5 ¢.c. of 1 per cent thymol in 95 per cent 
| aleohol. This was shaken, and 5 e.c. of 12.5 per cent trichloracetie acid 
meentrated HCl were added. The solution was then corked, inverted, and 
ved to stand for fifteen minutes at room temperature, and then placed in 
iling water-bath for twelve minutes. After standing again at room tem- 
ture for twenty-five minutes, it was centrifuged for ten minutes. The 


‘rnatant fluid was carefully pipetted off, and the volume made up to 12 ¢.c. 


glacial acetic acid. On stirring a perfectly transparent color developed. 
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TABLE I—CoNT’p 
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lhe solution was transferred to standard Evelyn colorimeter tube and 


placed in the colorimeter using a filter (Corning glass) transmitting between 


5,2 


we 


VO pe and 5,700 py, with its maximum transmission at 5,400 jp. 


Readings 


made from the galvanometer (1 mm. to 0.027 microamperes) when the 


maximum deviation of the string had occurred. The result was read directly 
in 
tir 


an 


illigrams per cent from a calibration curve previously obtained by plot- 


the galvanometer deflections from a series of known amounts of indican* 


*Indican was obtained from E. Merck, Darmstadt, 


Dr, Landau, Berlin, Germany. 


Germany, 


and from Dr, Fraenkel 





S14 THE JOURNAL OF LABORATORY AND CLINICAL MEDICINE 


used as standards, the amounts varying between O.1 mg. per cent and 6.0 meg. 
per cent. The calibration curve obtained is shown in Fig. 2, the galvanometer 
readings (Gi) being plotted against milligrams indican per 100 ¢.c. of blood. 
This curve when plotted on semilogarithmic paper is a straight line, hence the 
value of X (milligrams indiean) can be caleulated by the following formula: 


2 low. G 


X : ~« 100 where K. 15.2, 
KX» 

provided the Various volumes stated in the method are adhered to 

The patients studied comprised a large group from the Renal Vascular 
Clinie of the Peter Bent Brigham Hospital. All the patients had been under 
observation for long periods of time and their status was well known. The 
patients who were in a more advanced stage of their disease or in a eritieal 
condition, were for the most part from the wards of the hospital and in some 


eases the diagnosis was confirmed by postmortem examination. 


3 4 5 
INDICAN Mg. % (X) 


Calibration curve for the determination of indican in blood plasma in milligran 
per cent Caliquot of indican solution equivalent to 2 c¢.c. blood plasmia ). 


RESULTS 

One hundred and six patients were studied with 164 determinations o! 
the plasma indican content. The majority of the patients exeluding 25 nor- 
mals, used as controls, had parallel determinations of blood urea nitrogen or 
nonprotein nitrogen, phenolsulphonephthalein exeretion, and diazo reaction 
addition to the assay of the plasma indiecan, for purposes of correlation. 
results are condensed in Table I. 

The 25 normals showed an average plasma indican of 0.26 mg. per cent, 
with a range from 0.08 mg. per cent to 0.50 mg. per cent, which is considerably 


higher than values that have been usually quoted, confirming Sharlit’s con- 


tention that the plasma indiean content is higher than commonly assumed. 


In 14 cases with miscellaneous disease ineluding syphilis, pernicious anemia, 
cirrhosis of the liver, bronchopneumonia, gastric ulcer, nonspecifie enteritls, 


uncontrolled diabetes. cancer of the liver, and one ease of subarachnoid hem- 
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orrhage, the average was 0.38 me. per cent, with a range from 0.21 mg. per 
cent to 0.90 me. per cent. The highest indieans in this group were in a patient 
with untreated pernicious anemia and in a moribund man with carcinoma of 
the liver. In these cases the plasma indican was 0.60 me. per cent and 0.90 
mg. per cent, respectively. All of these patients had normal blood urea nitro- 
even values, except one with subarachnoid hemorrhage whose B.U.N. was 28 
me. per cent; curiously his indiean was within normal limits. None of these 
patients had a positive diazo reaction, 

Another group of 13 cases of vascular hypertension showed a plasma 
indican average of 0.32 mg. per cent, an average blood urea nitrogen of 12 me. 
per cent, a P.S.P. exeretion of 62 per cent, and negative diazo reactions. 

The most interesting group consisted of 43 cases of nephritis of various 
types as shown in Table I. In this group it will be noted that the plasma 
indican is elevated above normal limits or above the values found in the 


various unrelated diseases when there is also some elevation of the blood urea 


° 
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oO 
A 
= 
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Figure showing the relationship of B.U.N. milligrams per cent to indican milligrams 
per cent. 


nitrogen and some impairment of the phenolsulphonephthalein excretion, The 
lowest value of the plasma indican was 0.14 meg. per cent and 4 eases with 
values above 4.0 mg. per cent, the highest determination being 4.48 mg. per 
cent 
In practically all the cases with an increased blood urea nitrogen the 
plasma indican was elevated, although there is no direct relationship as shown 
in Fig. 3. Similarly, the increase in the plasma indican was usually associated 
With an impaired phenolsulphonephthalein excretion, but here the relationship 
was even less definite, due mainly to the inherent errors associated with 
Phenolsulphonephthalein studies. 
\nother point of importance is that all patients with a plasma indican of 
1.50 mg. per cent exhibited a positive diazo reaetion and that 10 of 16 
ents with such a positive reaction died, while the other six are all in a 
al state with a poor prognostic outlook. 
In regard to symptomatology, we could find no definite correlation be- 
tween the onset of nausea, vomiting, muscular twitching, convulsions or coma, 
an the rise in the blood indiean. 











THE JOURNAL 








LABORATORY MEDICINE 





AND 





CLINICAL 





In a study of 6 patients with kidney involvement other than nephritis, 
the plasma indican was elevated when there were other signs of retention of 
metabolie products, but once the condition was relieved by surgery or other 
treatment, the indican level decreased to normal along with the return of 
adequate renal function. 

Similarly, in another group of cases with chronic vascular nephritis com- 
plicated with cardiae decompensation it was found that when renal insuffi- 
cieney existed the blood indican was elevated to moderately high levels. With 
restoration of cardiae compensation, the blood indican decreased to a level 
consistent with the degree of renal insufficiency. In one of these cases the 
diazo reaction became negative. 

The faet that the diazo reaction, as performed by Hewitt,’° was positive 
in those cases with an indican content above 1.50 mg. per cent was interesting 
and suggestive. It has been said that the diazo reaction is due to or dependent 
on the indican content of blood. To check this we made known solutions of 
indican in distilled water and in blood plasma in econeentrations of 0.2 meg. 
per cent to 3.0 mg. per cent. The diazo reaction in these dilutions became 
positive at 1.5 me. per cent. The pink color in this dilution was just per- 
ceptible and did not persist, but in a concentration of 1.8 mg. per cent the 
color was less fleeting and at 2.0 mg. per cent the color persisted for a definite 
interval. 

We then submitted solutions of indican, indican in blood plasma, aleoholic 
extracts of urine and blood plasma in which the indican content was known 
to be high, also to the diazo reactions and secured spectrophotometrie curves 
which definitely demonstrated that the colors developed were similar. It is 
difficult to obtain a satisfactory absorption curve of the diazo reaction in a 
sample where the reaction is not pronouneed and also fades rapidly, but in 
those with an extremely high indiecan and consequently a more persistent 
diazo reaction, the absorption curves leave little doubt as to the similarity of 
the curves obtained to those in which known indican was added. From this 
we conclude that the development of color in the diazo reaction is dependent 
upon an increased indican content of the blood plasma of patients. 


DISCUSSION 


In the past numerous investigators have suggested that the determinatio! 
of indican in blood was an excellent test of renal insufficiency and, in man) 
eases, a more reliable index than blood urea nitrogen or nonprotein nitro 
gen. Interpretation of our data does not allow such a sweeping statement 


Indican is increased in the blood of patients with renal insufficiency, but it 
is associated usually with an elevation of the blood urea nitrogen and a 


decreased phenolsulphonephthalein excretion. In a certain group of eases 


4 


where extrarenal factors have given rise to renal impairment, the indican 
temporarily increased, but with improvement in the patient, the indican 
turns to a lower level as do the other retained metabolie products, such as 
urea nitrogen. From the data obtained it appears that an elevation of indican 
above a level of 0.50 mg. per cent may be taken as an indication of 1 
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insufficiency. However, the determination of indican adds little if anything 
to the study of these patients from a diagnostic point of view. 

The diazo reaction has already been set forth as a prognostic test in 
nephritis by other workers, and when positive, it is generally accepted that 
the prognosis is poor and in most cases fatal. In our limited experience this 
fact has been confirmed since 10 of 16 patients with a positive diazo reaction, 
at the time of writing, are dead, and the others are all in a critical condition 
with a poor prognostic outlook. The majority of our eases had the positive 
reaction only over a relatively short period of time, but rare cases of chronic 
vlomerulonephritis have been reported where the positive diazo reaction has 
been noted over a long period of months.’> ™ 

In our experiments, spectrophotometric analysis demonstrated that the 
chromogen of the diazo reaction on plasma of patients with a high plasma 
indiean was identical with the curves obtained on pure solutions of indiean 
made up to those concentrations which exist in the blood of uremic patients. 
This seems to be conclusive proof that the diazo reaction is dependent on a 
high plasma indiean. Further. it has been demonstrated that this level must 
be 1.5 me. per cent or higher before a positive reaction is noted. 

If these conclusions are correct, the diazo reaction, by reason of its sim- 
plicity, becomes the practical clinical test of choice for it both indieates that 
the plasma indican is elevated to at least three times the normal range and 
that a fatal termination may be expected in a relatively short period of time. 

It has not been possible to demonstrate a definite correlation between an 
increase of the plasma indican and the symptomatology of uremia, and it is 
felt that indiecan is probably not a toxie substance. This statement seems 
justified since Earlam and Bolliger® have shown that the presence of indican 
in the plasma of dogs suffering from renal insufficieney, in amounts several 
times greater than the highest vet recorded in fatal (uremic) cases, caused 


no untoward effects whatever. 
CONCLUSIONS 


A reliable method for indican determinations has been adapted to a photo- 
electric colorimeter, thus obviating the constant use of indican as a standard 
aid removing the inherent errors of ordinary color comparison colorimetry. 

Indican, a normal constituent of blood, is elevated in cases with renal 
ufficieney which also exhibit a retention of nitrogenous products and an 
aired phenolsulphonephthalein exeretion. 

The diazo reaction is due to the presence of indican and becomes positive 
en the level of the latter reaches 1.5 mg. per cent and is a more useful 
ictical test than indican assay in renal insufficiency because of the ease of 
ermination and the prognostic import that it conveys. 

There appears to be no definite correlation between the svmptomatology 
uremia and the raised plasma indican. 


The author wishes to acknowledge a debt of gratitude to Dr. J. P. O'Hare for his 
ice and criticism in the preparation of this paper. 
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TRANSIENT ELECTROCARDIOGRAPHIC CHANGES NOTED DURING 
ATTACKS OF ANGINA PECTORIS WITH REPORT OF A CASE 


HerMAN HL. Stapiro, M.D... AND Leo A. Sueyvrit, M.D... Mapison, Wis. 


se opportunity of obtaining an electrocardiogram during the acute phase 
of an anginal seizure does not often present itself. For obvious reasons, 
one hesitates to Induce an attack of angina peetoris simply for the purpose of 
securing such a record and consequently the literature contains relatively few 
reports dealing with such phenomena, particularly cases in whieh syphilitic 
aortitis and coronary thrombosis can be definitely ruled out. The changes in 
the electrocardiogram, although transient, are so striking and in general so 
consistent as to be of considerable clinical interest. The cases which have been 
reported to the present time deal almost entirely with alterations in the 


standard limb leads, and so far as we have been able to find none inelude a 


study of the chest lead. In the case presented here all four leads were obtained 


before, during, and after the anginal seizure, thus permitting a study of the 
changes occurring in the chest lead as well as in the three standard leads. 
The changes which have been commonly reported’® ino uneomplicated 
angina pectoris tracings consist of deviation of the RS-T segment and altera- 
tion in the amplitude and direction of the T-waves. In the observations of 
Feil and Siegel? the most outstanding finding was a definite depression of the 
RS-T segment in Leads | and TIT with a prompt return to its previous status 
after cessation of the pain. Parkinson and Bedford,’ in the study of five 
cases, noted depression of the RS-T segment and decreased amplitude or in- 
version of the T-waves in one or two leads followed by almost complete dlis- 
appearance of these changes after the seizure had passed off. Brow and 
Holman? find that the most important electrocardiographic changes consisted 


of ‘alteration in the terminal deflections. ’’ 


CASE HISTORY 


(. M., a white male, aged 45 veurs, Was admitted to the Wisconsin General Hospital on 
mber 2, 19356, complaining of ** pain beneath the breast bone.*’ He dated the onset of this 


tion to five vears ago when he was suddenly seized with an attack of substernal pain, 


stric discomfort, and nausea coming on about one-half hour after shoveling snow. Belch 
f gas a short while later relieved lis symptoms entirely, Similar episodes oceurred 
nittently until three months previous to admission, since which time the symptoms had 
e more severe and more frequent, coming on after the slightest exertion, usually accom 
d by vomiting, dysphagia, palpitation, and dyspnea. Laryngoscopy, chest, gall bladder, 
tomach x-ray studies repeated at intervals lad been negative. The past medical history 


*From the Department of Medicine, University of Wisconsin Medical School. 
Received for publication, Oct. 18, 1937. 
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revealed the occurrence of measles, tonsillitis, mumps, smallpox, influenza, whooping cough, 
pneumonia, and pleurisy in early life. The family history was interesting in that his mother 
died at the age of 5S, with a condition similar to that of the patient. 

To physical examination the patient showed slight tortuosity of the retinal vessels and 
moderate peripheral sclerosis. The pulse was regular at a rate of 72. The blood pressure 
was 122/70. There was no cardiac enlargement on percussion. The heart sounds were of 
fairly good quality at all areas and no murmurs were heard. The lungs and abdomen were 
negative, and there was no edema of the extremities. 

The results of the routine laboratory studies were within normal limits. X-ray examina 
tion of the esophagus and gastrointestinal traet revealed no abnormalities. Orthodiascopic 
studies showed the heart to be within normal limits as to size and shape. 

On November 9 the patient was sent to the cardiology department for an eleetroeardio 
cram. The exertion incident to the trip to the laboratory precipitated an anginal attael 
during which the electrocardiogram, a portion of which is reproduced in Fig. 1, was reeorded. 





ya's 











Fig. 1.—Electrocardiogram taken on Nov. 9, 1936, during the initial anginal attacl 
—e by walking to the electrocardiographic laboratory, Note, especially, the diphas 
T-4. 


The complete record showed two ventricular extrasystoles in Lead I, followed by sinoauricul 
block with auriculoventricular nodal escape. The dominant rhythm was a sinus arrhythmia 
a rate of 75 to 90. There was a large Q., depression of the RS-T segments in Leads 1 
IT, elevation of the RS-T segment in Lead IV, and a diphasic T, and T,. 

From the standpoint of scientifie interest it was felt desirable to obtain a series 
tracings before, during, and after such an attack, in an attempt to determine whether thi 
changes could be consistently reproduced. With the permission and cooperation of the patir 
such a series was obtained two days later. The initial control electrocardiogram taken w 
the patient symptomless is shown in Fig. 24. It will be noted that this tracing exhibite 
deep Q., slight depression of the RS-T segment in Lead I, and slight elevation of the RS 
segment in Lead III. TT, and T, were almost flat, and T, was normally inverted. TT! 
changes will be recognized as characteristic of coronary sclerosis. The patient was then as 
to walk up a short flight of stairs, an exercise which he had found almost invariably 
cipitated attacks of substernal pain. During the seizure which followed, the tracing sli 


in Fig. 26 was recorded. On this occasion there was a marked sinus arrhythmia with a 1 
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varying from 45 to 90. The RS-T segment became more definitely depressed in Lead IT and 
elevated in Lead IV. T, and T, became diphasie and somewhat increased in amplitude, T, 
leeply inverted, and T, diphasie but chietly upright. Five minutes later the symptoms had 
completely disappeared and the electrocardiogram taken at this time, shown in Fig. 2C, re- 
vealed almost complete return to the preanginal status, with the exception of very slight in 


version of T, and a slight increase in the amplitude of T, and T 
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The changes seen in the eleetrocardiogram during a seizure of typical 
ha peetoris are recognized as being practically identical with those en- 


itered following acute coronary occlusion, differing only in the point of 
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duration. In the case presented this was further borne out by the changes 


in the chest lead characterized by the deviation of the RS-T segment and a 
tendency for the T-wave to turn upright. This lends further support to the 
now generally accepted view that the symptoms of coronary insufficiency are 
due primarily to myocardial ischemia of a transient nature in angina pectoris 


and of considerable duration following coronary occlusion, 


SUMMARY 


A case is presented in which electrocardiograms were taken before, dur 
ing, and immediately following an attaek of typical angina pectoris. The chest 
lead was taken in addition to the three standard limb leads, and the changes 
in the tracing taken durine the attack were characteristic of acute coronary 


occlusion with the exception of their transitory nature. 
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THE PARTITION OF NITROGEN IN CANINE GASTRIC JUICE 
S.A. Komarov, M.D., Pu.D., Monrrean, CANADA 


HE partition of nitrogen in the gastric juice has been the subject of much 
controversy. Rosemann (1927) and Carlson (1915, 1919) maintain tl 

practically all the organic solids of the gastric juice are represented by pro- 
teins (Carlson) or ‘ta protein-like body’? (Rosemann). This view was shared 
by Dienst as recently as 1931. On the other hand, it has been asserted that 
the gastric juice, or rather the gastric contents, in normal persons and in 
various clinical cases contain considerable amounts of nonprotein nitrogen, 
ranging from 16 to 200 mg. per cent (Polland, Roberts, and Bloomfield, 1925; 
Martin, 1931; Mielke, 1932: Baltzer. 1934: Burger, Hartfall, and Witts, 1955; 
Diehl, 1936). The amount of nonprotein nitrogen in the gastrie juice was 
found to be greatly increased in cases of achylia gastrica, or carcinoma, and 
particularly of nephritis accompanied by retention of nitrogen. Ammonia was 
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early recognized to be a normal constituent of gastrie juice, forming a con- 
siderable part of the total nitrogen content of the secretion (Nencki, Pavlov, 
and Zaleski, 1898). This finding was later confirmed by many other investi- 
vators (Salaskin, 1898, 1902. Carlson, 1915: Rosemann, 1927; Martin, ete. 
lt has been shown that the gastrie juice contains a small quantity of urea 
Martin, 1931; Komaroyv, 1951). Mielke regards all the nonprotein nitrogen 
of the gastrie juice as urea, although his opinion was not substantiated by 
any experimental evidence. The presence of creatine bodies, uric acid, adenosin 
phosphorie acid. and amino nitrogen has been postulated by many investiga- 
tors (Toni and Mareiali, 1928: L. Martin: Baltzer: Diehl), but none of the 
substances belonging to this group was isolated from the gastric juice and 
identified chemically. 
It should be mentioned that only one investigation—that of Rosemann 
1927)—has been carried out on a large seale and with really pure gastric 
juice (obtained by sham-feeding from a dog with a gastric fistula and 
esophagotomy ). Rosemann found that the organic matter in gastric juice 
consists practically entirely of a proteinlike body, the remainder being so 
minute in amount that it is not even worthy of mention. It should be noted 
that in all the studies in which large percentages of nonprotein nitrogen have 
been reported, the methods of routine blood analysis had been applied to the 
human gastric contents, the samples having been obtained from fasting sub- 
jects, sometimes without stimulation but more often after the injeetion of 
listamine, under normal or pathologie conditions. The wide divergences in 
the analvtieal results obtained even in the course of one and the same investi- 
gation (¢f., for example, the work of Martin and of Mielke) are in all prob- 
ability largely due to contamination with saliva, bile, or intestinal juice, all 
of which are known to contain large amounts of nonprotein nitrogen (for 
references, see Babkin, 1928). In the opinion of the writer the discrepancies 
light also be attributable to the inadequacy of the methods used. The pro- 
ins of the gastric juice are entirely different from the proteins of the blood 
‘ebster and Komaroy, 1932) and, therefore, it is questionable whether the 
hods used in blood analysis are suitable for the determination of nonpro- 


nitrogen in the gastrie juice. 


The main purpose in the present investigation was to study the efficacy 


ome of the common protein precipitants when applied to the proteins of 
rastrie juice, with the object of developing a convenient and vet reliable 
od for routine determinations of nonprotein nitrogen in gastrie secretion. 
ng the methods tested, particular attention has been paid to the standard 
ods employed in blood analysis. 
The partition of nitrogen in gastrie juice was also studied. It was re- 
shown by the writer that pure canine gastric juice contains a number 
ivsiologically active substances belonging to the group of nitrogenous 
S (vitamin B, histamine, and guanidine-like bodies). Fractionation of 
substances was effected mostly by the Kossel and Kutscher method, 


‘what modified (Komarov, 1934, 1986). For this reason in our analysis 
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special emphasis has been placed on the nitrogenous bases of gastric juice 


and the distribution of nitrogen among the various fractions resulting when 


the method of Kossel and Kutscher is applied to the gastrie juice. 


METHODS 


Gastric Juice.—The gastrie juice employed in this study was obtained, in 
response to sham-feeding or subcutaneous injection of histamine dichloride 
(0.05 mg. per kg. body weight), from dogs with a gastric fistula and 
esophagotomy. Whenever there was the slightest suspicion that the secretion 
had been contaminated with food residues, blood or intestinal juices, the pres 
ence of the last-mentioned being indicated by the appearance of bile, the 
samples were discarded. Samples of clear gastric juice were collected at 
fifteen-minute intervals, immediately filtered and analyzed. In order that the 
effect of autodigestion might be observed, some samples of juice were allowed 
to stand for varying periods of time at room temperature or in the incubator 
at 38° C. 

Protein-Free Filtrates From Gastrie Juice —tThe efficacy of the following 
procedures in precipitating the proteins of gastrie juice was studied. 

1. Precipitation With Acetone—To the acid gastrie juice (acidity about 
150 m.eq. per liter), two volumes of acetone were added. Usually this was 
carried out in 15 ¢.c. centrifuge tubes, containing 10 ¢.c. of acetone, into which 
5 «.c. of gastric juice was poured, the two liquids being thoroughly mixed 
The tubes were corked and allowed to stand overnight. After the mixture 
had been centrifuged, the supernatant liquid was decanted and rapidly filtered 
through cotton wool. Allowance was made for the change in volume due to the 
volatility of acetone and the contraction which takes place when acetone is 
mixed with water. Sometimes it was found more convenient to filter the 
supernatant liquid into a 25 ¢.c. measuring flask, and to wash the precipitate 
on the centrifuge twice with 5 ¢.c. of 66 per cent acetone saturated with NaCl. 
The two modifications gave identical results. 

2. Coagulation by Heat.—Five or 10 ¢.c. of gastrie juice was placed in a 
15 ¢.c. graduated centrifuge tube, loosely corked with a rubber stopper, and 
the tube was then immersed in a boiling water-bath. Complete coagulatio 
usually occurred within two minutes, after which the tubes were immediate! 
cooled under running water. The precipitate was removed either by centrifug- 
ing or by filtering. In order to ensure complete coagulation, the acidit) 
the gastric juice required to be about 150 m.eq. per liter. 

3. Precipitation With Trichloracetic Acid.—Several procedures involy 
the use of trichloracetic acid have been studied. 

(a) Five cubie centimeters of gastric juice were mixed with 5 ¢.e. of 
per cent trichloracetie acid in a 15 ¢.c. graduated centrifuge tube. The tue 
loosely corked with a rubber stopper, was immersed in a water-bath at 80 
for five minutes, and then immediately cooled under running water. The } 
cipitate was separated by centrifuging, and the supernatant fluid filte 


This procedure was soon found to be one of the most reliable. 
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The following procedures based on the use of trichloracetic acid were also 
studied, although they were soon found to be unreliable. 

(b) Five cubic centimeters of 15 per cent trichloracetic acid were mixed 
with 5 «ce. of gastric juice and allowed to stand overnight at room temperature. 
In all cases only a very faint opalescence could be observed. 

(¢) The gastric juice was first neutralized with 0.2 N NaOH, the necessary 
amount of the latter having been determined previously by titration against 
methyl red. To 5 e.c. of neutralized gastric juice, 5 ¢.c. of 15 per cent tri- 
chloracetic acid was added, and the mixture allowed to stand overnight. By 
this method some protein was always precipitated, but the precipitation was 
never complete. 

(d) The gastric juice was neutralized with NaOH, mixed with trichlor- 
acetic acid as in procedure (¢), and the mixture was finally subjected to 
heating at 80° C. for five minutes. More protein was precipitated than by 
procedure (¢), but the precipitation was never complete, 


t. A Modification of Somogyi’s Procedure—Five or 10 ¢.c. of gastric 


juice was placed in a 25 e¢.e. measuring flask; 1 ¢.c. of 10 per cent ZnSO4.7H20 


and 2 drops of 0.5 per cent phenolphthalein were then added. 0.5 N NaOH 
was next added, until the mixture became slightly pink, after which 0.1 N HCl 
was added drop by drop (from 1 to 3 drops usually being required), until 
the supernatant fluid became colorless, while the precipitate still remained 
slightly pinkish. The volume was made up by the addition of distilled water. 
Filtration was carried out immediately or the next day. 

». Tungstic Acid Precipitation—tIn the present study all attempts to 
utilize tungstic acid for quantitative precipitation of the proteins of the gastrie 
juice were unsuccessful. 

a) Precipitation at pH 6—In aceordance with the principles of the origi- 
nal Folin-Wu method this was carried out as follows: 5 or 10 ¢.c. of gastrie 
juice were neutralized with 0.2 N NaOH; 1 ¢.. of 10 per cent sodium tung- 

te, and the amount of 24 N HeSO, necessary to adjust the reaction to pH 
vere added. In no case was any precipitation observed when pure, freshly 

‘ted gastric juice was treated in this way. 

hb) Precipitation at pH 3.5.—This was earried out exactly as suggested 

lartin (1931). 

¢) Precipitation at pH < 1.0.—It was observed that an increasing amount 

trogen was precipitated from gastrie juice by means of tungstie acid as 

acidity of the medium was increased. The nitrogen content of the filtrates 
lowest when the following procedure was employed. To 5 ¢.c. of gastric 

1 ¢.c. of 10 per cent sodium tungstate and 1 ¢.c. of 1 N sulfurie acid 

added. No precipitation immediately occurred; some precipitation took 

‘after a few hours. The mixture was allowed to stand for several days 

om temperature until no more turbidity appeared overnight in the super- 

iit fluid after centrifugalization. The filtrate was obtained by centrifug- 
at high speed and then filtering. 
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Partition of Nitrogen in Gastric Juice-—Some data (not hitherto reported) 
on the partition of nitrogen in gastric juice were obtained in the course of 
previous studies, during which several large samples of gastrie juice—amount- 
ing altogether to more than 100 liters—were fractionated by different methods 
Komarov, 19383, 1934, 1935, 1936). On the basis of these findings it is believed 
that the addition of two volumes of acetone to freshly secreted gastrie juice 
brings about a complete precipitation of the protein material. The distribu- 
tion of nitrogen, both in the precipitates and the filtrates obtained by the use 
of acetone, was studied on several oecasions and found to be remarkably econ- 
sistent. The chemical properties and the composition of the protein precipitate 
have been described previously; the protein was found to be a mucoprotein 
having much in common with the pepsin preparations deseribed by Pekelharing 
Webster and Komaroy, 1932; Komaroyv, 1935). The present paper affords an 
opportunity of describing our data concerning the partition of nitrogen in 
the acetone filtrates, thus making the report of the analysis of several large 
samples of gastrie juice complete. Fractionation was carried out by the 
method of Kossel and Kutscher, somewhat modified. The fraction of the nitrog- 
enous bases was isolated by precipitation with phosphotungstie acid, and the 
purine, histidine, arginine, and lysine fractions by the silver-baryta method. 
Details of the procedure used have been given in the articles in which the 
physiologic properties of these fractions were reported (Komarov, 1933, 1934, 
1936). In addition volatile bases, urea and creatine bodies were determined 
in the protein-free filtrate before fractionation. 

Nitrogen was determined by micromodifications of the Kjeldahl method 
Preel, 1930). Urea and ammonia plus volatile bases were determined by the 
urease-aeration-titration method of Van Sivke and Cullen, creatine plus 
creatinine by Folin’s open-flask method (see Peters and Van Slyke, 1932). 

EXPERIMENTAL RESULTS AND DISCUSSION 

The analytical data obtained are presented in Tables I and II. Table I 
shows the amount of nitrogen present in the filtrates obtained by the methods 
outlined above. Table IL shows the partition of nitrogen in the filtrates ob- 
tained by the acetone method from large samples of freshly secreted, pure 
gastric juice obtained in response to sham-feeding. 


Of the various methods for obtaining protein-free filtrates from gastric 


juice that were studied in the present investigation, only the following three 


gave consistent and comparable results: 


1) precipitation with acetone, 
2) heat coagulation in an acid medium, and 
}) precipitation with 7.5 per cent trichloracetic acid at 80° C. 


Vhen absolutely fresh canine gastric juice was precipitated with two 
Volunies of acetone, filtrates were obtained which, after the removal of the 
acetone, showed a negative biuret reaction. It was also found that the pre- 


ipitvtes obtained from different samples of gastric juice have a consistent 
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elementary composition (Webster and Komaroyv, 1982; Komarov, 1935). © 
this account precipitation with acetone was selected as the basis for compariso 
of the efficacy of the other methods. 

The average figures obtained by the various methods were computed from 


the data presented in Table I. Direct boiling (method 2) gives figures for 


TABLE II 


PARTITION OF NITROGEN IN GASTRIC JUICE OBTAINED IN RESPONSE TO SHAM-FEEDING 


NITROGEN IN THE FORM OF: SAMPLE A (4 LITERS ) SAMPLE B (6 LITERS 

MG. %&% MG. % 

Protein 1S.00 19.90 

Nonprotein SO LO.90 

Uren O.16 

Creatine Creatinine O.09 

Bases, total 

Base . volatile 

Bases, nonvolatile 

sauses, purine fraction 

Bases, histidine-arginine fraction 

Bases, lysine fraction 

Monoaminoacid fraction (phosphotungsti: 

acid filtrate 
Humine bodies 


nonprotein nitrogen that are 13.5 per cent higher than those obtained by pre- 


cipitation with acetone. In most cases the filtrates showed a very slight, but 


nevertheless distinet, positive biuret reaction, the color developed being violet 
blue. Precipitation with trichloracetie acid at 80° C. gives figures for non- 
protein nitrogen 10 per cent higher than those given by acetone precipitation. 
If absolutely fresh gastrie juice, obtained by means of sham-feeding, was used, 
the filtrates always showed a negative biuret reaction. If, however, the juice 
was treated with trichloracetic acid after standing for a few hours at room 
temperature, a slight positive (violet) biuret reaction was obtained. In 
‘*histamine’’ gastrie juice the trichloracetic aeid filtrates always showed a 
positive biuret reaction, the color developed being pure blue, if the juice was 
precipitated at once, or displaying a slightly violet tinge, if the juice was not 
quite fresh. In connection with these results, it should be mentioned that 
Pekelharing as long ago as 1902 observed some extremely interesting facts 
regarding heat coagulation of pepsin. He found that pepsin can be precipi 
tated by heating only when the pepsin solution is acid and is heated to the 
point of coagulation very rapidly. This rule holds true for solutiens of e 
erude or highly purified preparations of pepsin and also for gastric 
Pekelharing also pointed out that under such conditions pepsin is part 
hydrolyzed to form a product which gives a precipitate, and which he te 
““Gerrinungprodukt,”” and a certain albumose-like body which remai 
solution. If the solution of pepsin is heated slowly, the hydrolysis is ca 
much further and less precipitate is formed. Under sufficiently slow he: 

no precipitation occurs whatsoever. In our experiments the method of cireet 
heat coagulation vielded filtrates showing a positive biuret reaction, and liav- 


ine higher contents of nitrogen than those obtained with the trichloraceti¢ 
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acid procedure, These results can be satisfactorily explained by the assump- 

tion that Pekelharing’s albumose is precipitated by trichloracetie acid. 
Special experiments were carried out with a view to studying the influence 

of acidity on the completeness of heat coagulation. The results of a typical 


experiment of this kind are given in Table II. 


TABLE II] 


REACTION OF GASTRIC JUICE AND PRECIPITABILITY OF THE PRorein MATERIAL BY HEAT 


NITROGEN IN | 
GASTRI THE 
se : 0.2N Nao 2 eee PRECIPITATED 
¢ ATR S y, 
J Ct MG. % OF 


CA 
|GASTRIC JUICI 


NITROGEN 


CL. efit 50 MG. % OF 


GASTRIC JUICE] 


5.00 2 00 3.00 1.80 21.00 $.40 
5.00 9 50 9 50 200 99 40 7.00 
5.00 5.00 2 00 9 70 93.50 5.90 
5.00 250 50 3.00 95.20 £.20 
5.00 3.60 40 5.40 24 40 5.00 
5.00 3.65 Bs #5 5.80 25.80 5.60 


5.00 0.00 5.00 - 16.28 13.17 


The gastric juice employed in this experiment was obtained from a dog with a gastric 
fistula and esophagotomy, in response to continuous sham-feeding with raw minced meat. 
The secretion, collected during a forty-minute period, was immediately filtered and used for 
the bove experiment. The total acidity and the free acidity were respectively 158 and 144 
m.eq. per liter. The total nitrogen was 29.40 mg. per cent. The nonprotein nitrogen, as 
letermined by the acetone method and by precipitation with 7.5 per cent trichloracetic acid 
it SO° C., was found to be 16.2 mg. per cent. The samples, treated as indicated in the table, 

heated simultaneously in a boiling water-bath for five minutes, cooled simultaneously 

cold water-bath, and filtered through Whatman’s filter paper No. 42. pH values were 
roughly determined by means of B.D.H. capillator colorimeter. 


It is evident that, with the progressive lowering of the acidity of the 
gastric juice by the preliminary addition of sodium hydroxide, less and less 
protein material is coagulated by heating, until at a pH above 5.8 no pre- 
cipitation takes place whatsoever. 

In the filtrates obtained by the addition of trichloracetic acid to fresh 
vastrie juice, secreted in response to sham-feeding, and subsequent heating 
to 80°, the biuret reaction is negative, but with ‘‘histamine’’ gastric juice 
the filtrates always show a blue color. In this connection it should be men- 
tioned that the main bulk of protein material in the gastrie secretion elicited 
by sham-feeding consists of the protein described by Webster and Komarov 
(1982) as a mucoprotein of the gastrie secretion. This mucoprotein has a 
nitrogen content of about 14.0 per cent. It was found recently by the writer 
wnpublished data) that the main bulk of the protein of the ‘‘histamine’’ 
gastric secretion consists of an entirely different protein, containing a lower 


percentage (i.e. 12 per cent) of nitrogen. This protein has also the more 


pronounced characteristics of a mucin, since after preliminary acid hydrolysis 


ws a very high reducing power equivalent to a 30 to 33 per cent glucose 
t. Apparently the former protein is precipitated completely by trichlor- 
acid, whereas for the latter precipitation is not complete. This problem 
vet entirely solved; further study of it is now in progress. 

Vhen trichloraeetie acid is added directly to gastrie juice of normal 


acidity (about 0.15 normal) in an amount of from 5 to 10 per cent, no pre- 
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cipitation takes place within twenty-four hours, if the mixture is kept at a 
temperature not exceeding 20° C. However, at temperatures above 24° C 
precipitation of protein occurs, and at 38° C. the proteins of the gastrie juic 
are completely precipitated by trichloracetic acid within two or three hours 
Special experiments were performed which showed that under such conditions 
vastrie juice in the presence of 7.5 per cent trichloracetie acid exhibits con 
siderable digestive power. These observations strongly suggest that the pro 
tein material present in freshly secreted gastrie juice is not precipitable b: 
means of trichloracetic acid at room temperature, but that the proteins of the 
vastric juice acquire this property at a certain stage of hydrolysis. Probably) 
that is also the explanation of another fact observed in the course of this 
study, namely, that, when trichloracetic acid is added to previously neutralized 
vastric juice, it always causes some precipitation of protein material at 20° ¢ 
the precipitation, however. is never complete, even when supplemented by 
heating to 80° C. 

The modified form of Somogyi’s method which we have employed like 
wise vielded very consistent results. With freshly secreted gastric juice, the 
values for nonprotein nitrogen were about 10 per cent lower, and with 
autolyzed gastric juice they were about 20 per cent lower than those obtained 
by the acetone method. 

The Folin-Wu method, in the various modifications used, was found to 
be entirely unreliable. At pH higher than 3.5, tungstic acid does not produce 
any precipitation. With the increase of the acidity more and more nitrogen 
is precipitated until, at pH less than 1.0, the amount of nitrogen precipitated 
very closely approximates the amount precipitated by phosphotunestie acid. 

Table I (samples 3a, 3b, 3e. 4a, and 4b) shows that the most rigid pre- 
cautions should be taken to prevent autodigestion of the gastric juice, if it is 
desired to obtain true values for nonprotein nitrogen, since a considerable 
inerease in nonprotein nitrogen occurs within twenty-four hours even at room 
temperature, whereas at 38° C. from 66 to 75 per cent of the protein originally 
present is hydrolyzed. 

The analysis of sample 10 demonstrated that even a very slight, almost 
imperceptible, contamination of the gastric juice by an exudate from the 
uleerated skin around the fistula may lead to an entirely wrong concestio! 
regarding the composition of the @astrie juice. It is evident that the absolute 
figures for the various fractions of nitrogen in sample 10 do not admit of com- 
parison with the corresponding figures for really pure gastric juice. In con- 
trast to the results obtained with pure gastric juice, tungstie acid caused von- 
siderable precipitation at pH 6 or pH 3.5. This result was apparently due te 
the presence of blood proteins in various stages of hydrolysis. 

From the experimental data presented in this article certain conelusions 
may be drawn with regard to the composition of gastric juice, as affecte by 
the nature of the stimulus producing it. The gastrie secretion elicited throug! 
the vagal mechanism (sham-feeding juice and psychic secretion) di ‘Ters 


strikingly in composition from ‘‘histamine’’ juice, especially in regard ‘> its 
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content of protein nitrogen. The greatest concentration of protein nitrogen 
was observed in the sham-feeding juice, which represents the glandular re- 
sponse to nervous stimulation in its most intense form. The protein nitrogen 
content is considerably lower in the psychie secretion, and still lower in the 
typical histamine secretion (samples 5, 6, and 7). When psychic impulses are 
not entirely excluded, the protein nitrogen content of the histamine juice 
approximates that of the psvehie secretion (samples 8 and 9). Nonprotein 
nitrogen forms a considerable part of the total nitrogen of gastric juice under 
all conditions of stimulation. In the vagus juice it constitutes from 36.5 to 44 
per cent of the total nitrogen; in the typical histamine juice the proportion is 
much higher, viz., from 67 to 78 per cent. The absolute figures for nonprotein 
nitrogen vary from 12.04 me. per cent in the sham-feeding juice to 6.02 me. 
per cent in the psychie secretion, and from 9.52 to 5.88 mg. per cent in the 
histamine juice. 

From the experience gained in this laboratory over a number of vears, it 
appears that the variations both in protein and nonprotein nitrogen shown 
in Table I cover fairly well the range of variations which may be observed in 
the secretion of the whole stomach in normal dogs under experimental con- 
ditions. The values for nonprotein nitrogen in the gastric contents of human 
beings, as reported in the literature, are in most cases much higher. Polland, 
Roberts, and Bloomfield reported 40 to 80 mg. per cent of nonprotein nitrogen, 
Martin 20 to 48 mg. per cent, Mielke 28.4 to 85.5 mg. per cent, and Diehl 27.1 
to 86.8 mg. per cent. It should be noted that these data were obtained by the 
Folin-Wu method in its original, or in a somewhat modified form, or by 
trichloracetie acid precipitation at room temperature. On the other hand, our 
figures for nonprotein nitrogen are fairly close to those reported by Baltzer 
(1934), which were obtained by the ultrafiltration method, or by means of pre- 
cipitation with ferrie hydrosol. 

The partition of nonprotein nitrogen was studied in the acetone filtrates 
obtained from two large samples (4 and 6 liters, respectively) of gastrie juice 
secreted in response to sham-feeding, as shown in Table Il. Urea, ammonia, 
and other volatile bases, and creatine constitute about 20 per cent of the non- 
protein nitrogen. About 37 per cent of the nonprotein nitrogen is represented by 
the physiologically important fraction of nitrogenous bases precipitable by phos- 
photingstie acid (volatile bases excluded). The amount of nitrogen precipitated 
by silver nitrate at pH 2.8 and pH 7.0—‘purine’’ and ‘‘histidine’’ fractions— 

'e negligible. Almost the whole bulk of the nitrogenous bases is present in 

arginine’’ fraction precipitable by silver nitrate and barium hydroxide at 
PH +.0 to 9.0 and in the filtrate of the former—‘‘lysine’’ fraction. This observa- 


ion is of some interest, in view of the previously deseribed experiments, which 


showed that the arginine fraction exerts a histamine-like action on blood pressure 


and also on gastric, pancreatic, and biliary secretion, and that the lysine fraction 
fives a positive Sakaguchi reaction and shows a guanidine-like action on skeletal 
muses, blood pressure, and on panereatie and biliary secretion (Komarov, 
1935 
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SUMMARY 


1. Three methods for the determination of nonprotein nitrogen in gastric 


Juice were found to give uniform and comparable results; heat coagulation 


precipitation with two volumes of acetone, and precipitation with trichloraceti 


acid at 80° CC. The last two methods were found to be particularly useful fo: 
routine work. 

2. In regard to the partition of nitrogen there was a striking difference 
between the gastric secretion elicited by the vagal mechanism (sham-feeding 
and that provoked by histamine. 

3. A more detailed study was made of the partition of nitrogen in gastric 
juice secreted in response to sham-feeding, which among other data revealed 
the fact that a surprisingly large proportion of nonprotein nitrogen (about 
4) per cent) is formed by the physiologically important fraction of nitroge 
nous bases. 
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STILL’S DISEASE WITH HYPERGQLOBULINEMIA 
ALBERT I. Taussic, M.D., St. Louis, Mo. 


N 1s97, Still’ deseribed a form of arthritis in children which has since then 

been called by his name. The syndrome was characterized by a mild non- 
destructive arthritis, a swelling of the lymph glands, enlargement of the spleen 
and fever. The arthritis was multiple and usually recurrent. The lymphadenop- 
athy was general; the glands, while firm, never exceeded the size of a nut. The 
splenomegaly, sometimes minimal, was occasionally marked, the spleen in these 
eases extending below the level of the navel. The fever was never high and was 
sometimes continuous, sometimes recurrent; it bore no relation to the severity of 
the arthritis. Of his 12 cases 8 came to autopsy; all three showed an adhesive 
pericarditis that had not been diagnosed before death. 

A year earlier Chauffard and Ramond? had described 7 cases of a similar 
syndrome but without the splenomegaly. Moreover, their patients were all 
adults, ranging in age from 22 to 61 vears. Since then, especially in France, the 
condition is often ealled the Chauffard-Still syndrome. 

Durine the past thirty vears a considerable number of cases of Still’s disease 
have been deseribed, chiefly in England and Germany, more recently in this 
country and in France. A good analysis of the cases reported up to 1930 may 
be found in the article of Chevallier.’ The disease may occur at any age, but 
is most characteristically a disease of the young; one-third of the cases have been 
found in childhood, one-third during adolescence, and one-third bevond the age 
of 25 vears, the oldest reported being 61 vears old. * While a nondestructive 
periarthritis is an essential feature of the disease, this symptom may vary from 
an extreme form producing complete crippling to a relatively mild involvement 
With intermissions. The adenopathy, while uniformly present, varies greatly 
inextent; the glands are never very large and in general the degree of adenopathy 
varies with the intensity of the joint involvement. The splenomegaly also varies, 


heing occasionally absent. Usually the spleen can be felt a few fingerbreadths 


below the costal margin and is sometimes enormous, extending below the navel. 


Fever is rarely absent and while sometimes ineonsiderable, may run a high 
seplic course for weeks at a time. There is always progressive emaciation and 
ai tiarked secondary anemia. The white count usually shows a moderate leuco- 
fytosis early in the disease; later a leucopenia, sometimes extreme,° is the rule. 
OF the complications, pericarditis is the most frequent. It is usually fibrous, 
leading to obliteration of the pericardial sac, but may be exudative. Pleuritic 
adhesions are constant. 

lhe autopsy findings usually show no very characteristic changes. The 


Jon's show periarticular thickening, the svnovial membrane being usually not 


—. 
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involved. The lymph glands show only indurative processes in the interior, no 
specific changes.” The splenic changes are limited to a hyperplasia of the cellular 
elements and a moderate congestion; there is no fibrosis.‘ 

It is obvious that Still’s disease, as extended by later observers, is not a 
sharply defined symptom complex. If applied to adults it certainly includes 
cases of Felty’s syndrome’ which both ¢linieally and pathologically are indis 
tinguishable from Still’s disease. Cases in which the arthritis is minimal but in 
which fever, leucopenia, and splenomegaly are marked would suggest Banti’s 
disease; if the peritoneum were involved, as the pericardium and pleura so 
often are, the two diseases would be nearly indistinguishable. However, I do 
not know of any case of Still’s disease with ascites, and the liver is enlarged 
only if there is a passive congestion due to heart failure or if the organ is the 


site of amyloid degeneration.* Moreover, since moderate adenopathy and slight 


splenie enlargement are not uncommon in children suffering from any infeetion, 


it is difficult to draw the line between ordinary cases of juvenile polyarthritis 
and some cases of Still’s disease. Smith and Gallup® go so far as to say: ‘* This 
condition was formerly spoken of as ‘Still’s Disease,’ but the name has now been 
generally discarded and the condition is recognized merely as a modification of 
atrophie arthritis. ”’ 

Whatever one may conclude regarding the justification of considering the 
Still-Chauffard syndrome as a c¢linieal entity, it will remain a useful means 
for gathering together that group of eases, no longer rare, that show a peri- 
arthritis, splenomegaly, adenopathy, fever, anemia, and usually involvement of 
pericardium and pleura and in which all the more usual diagnoses can pretty 
definitely be exeluded. It is for this reason that the two eases reported here, 
certainly not typical of the disease as deseribed by Still, have been included with- 
in this group. 

Within the last few years increasing attention has been directed to the 
visceral manifestations of lupus erythematosus disseminatus. These consist of a 
long-continued fever, arthritis, pleurisy, pericarditis, pneumonitis, nephritis, and 
leucopenia. Disseminated cerebral manifestations may oceur and in all of our 
cases that were observed for a sufficient length of time, high blood serum glob ilin 
and euglobulin values, quite comparable to those reported below, were found. 
The suspicion is justified that cases of disseminated lupus erythematosus without 
skin manifestations may not be uncommon, and that lupus, the Libman-Sacks 
endocarditis, the Still-Chauffard syndrome, and Felty’s disease may all be mani- 
festations of the same disorder. The final solution of this question must await the 
discovery of a common etiologic agent, if any. 

The technique of blood protein determinations used at the laboratory of 
the Jewish Hospital of St. Louis closely follows that of Howe,” except that serum 
is used instead of plasma. This method in skillful hands gives trustworthy re- 
sults and is rivaled only by refractometric methods and possibly by the new one 
of Campbell and Hanna.** 

Different observers have varied somewhat widely in their figures of normal 
percentages of albumen and globulin in plasma and serum. This variation may 
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in part be due to differences in technique but may also be due to a variation in the 
clinical material used. Peters and Eisenman" give as their normal values: total 
serum protein 6 to 8 per cent, serum albumen 4 to 5 per cent, and serum globulin 
1.4 to 3 per cent. Other observers vary in either direction. The suggestion of 
Starlinger and Winands"™ that only values of serum globulin greater than 4.0 per 
cent be considered indicative of hyperglobulinemia probably deserves acceptance. 

Serum globulin itself appears to be a mixture of proteins and of these 
euglobulin is apparently the one that has clinical significance. The highest 
normal value found by Ling! was 0.333 per cent, and it is safe to say that, if the 
determinations are made by Howe's method, any euglobulin value above 0.5 per 
cent is unusual and anything over 0.75 per cent is definitely pathologic. In the 
eases reported here mueh higher figures were found. 

Convenient qualitative indications of an excess of euglobulin are furnished 
by the dilution test and the formol-gel test. The former is done by adding 9 ¢.c. 
distilled water to 1 ec. serum. A cloudy solution in which upon standing a 
flocculent precipitate forms indicates an excess of euglobulin. In the formol- 
vel test one drop of 30 per cent formalin is added to 1 ¢.c. clear serum in a small 
test tube and mixed by gentle shaking. In the presence of a considerable excess 
of euglobulin the mixture gels and becomes opaque within a few hours, sometimes 
within a few minutes. 

Infectious diseases are usually accompanied by a rise in the percentage 
of serum globulin and often by a fall in serum albumen. Usually these variations 
are relatively slight, so that there is no inversion of the albumen-globulin ratio. 
In certain diseases, however, the rise in the globulin value may be so great that 


it not only exceeds the critical 4.0 per cent but may be relatively enormous so 


that, in spite of a considerable fall in the percentage of serum albumen, the 
amount of total serum protein far exceeds the normal. 

Kala azar was the first infeetion in which extraordinarily high values of 
serum globulin were observed and a marked hyperglobulinemia is apparently 
a constant finding in this disease. Wu’s ease’ in which the total protein values 
were 10.52 per cent with 7.06 per cent globulin apparently represents a record 
in this disease. Ordinarily the serum globulin does not exceed 5.0 per cent. The 
euglobulin values are usually between 2 per cent and 3 per cent. 

In syphilis, especially in the florid secondary cases, there is often a fall in the 
serum albumen and a corresponding rise in serum globulin. The latter is usually 
moderate'® but may reach 5.0 per cent and at least once'’ has been reported as 6.5 
per cent. 

The highest globulin values ever found in blood serum have occurred in 
multiple myeloma. Thus, in one case reported by Shirer, Duncan, and Haden,"* 
the serum protein amounted to 13.78 per cent and the globulin to 11.34 per cent. 
In all eases of multiple myeloma with hyperproteinemia the high protein values 
have been due to a substance supposed to be globulin. 

Just what this elobulin-like substance is remains uncertain. It is salted out 
of the serum with the euglobulin, and some observers'® believe it definitely to be 


euglobulin. Others, especially Shirer, Dunean, and Haden"* and Cantarow,”° be- 
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lieve it to be the Bence-Jones protein that is so often found in the urine in this 
disease. Our own very limited experience with this substance indicates that 


it is neither euglobulin nor Bence-Jones protein, and perhaps not even a tru 





globulin. 

Within the past few vears two cases were observed, one at the Jewish Hos 
pital and one at Barnes Hospital of St. Louis, whieh fall more readily into th: 
svndrome of Still’s disease, in its more inelusive form, than into any othe 
category, and whose serum globulin and euglobulin values reached a level hitherto 


observed only in kala azar and possibly in multiple myeloma. 


Case 1.—L. S., 18 vears old, though looking like a child of 12, entered Barnes Hospit 
in February, 1935. For over a vear he had had a migrating polvarthritis and this had let 
behind a swelling of the elbows and knees, exaggerated by the muscular atrophy of the a 
and legs. There was some limitation of motion. On admission his emacintion and pall 
were extreme and there was evidence of pericardial effusion. The spleen was palpable.  T 
liver was enlarged and tender, suggesting chronic passive congestion. There was a generali 
Ivmphadenopathy, but the glands were not very large. During the three months he was 
hospital he ran an irregular fever, sometimes exceeding 104°; the temperature Was nev 
normal for more than twenty-four hours at a time. The arthritis flared up from time to tir 
but there were intervals during which he was quite free from pain. His blood showe: 
marked secondary anemia, requiring repeated blood transfusions. The white cells varied f1 
a slight leucoeytosis 12.250 to a moderate leucopenia (5,100): the hemogram eonstanth 
showed a shift to the left. The Kahn test was negative; the serum caleium was 9.3 mg. pe 
cent and serum phosphorus 4.5 per cent. Neither blood serum nor urine contained any Ber 
Jones protein, 

The pericardium was aspirated and 35 ¢.c. clear fluid were withdrawn; culture 
guinea pig inoculation were negative. Repeated blood cultures were negative us were also 


the usual agglutination tests. 


He remained in hospital until May 17, the elinieal picture remaining unchanged and tli T 
fever persistent. After a few months at home, he reentered in August on account of dyspne se 
and thoracic pain, There was again evidence of pericardial effusion and 110 ¢.e. turbid flu s] 
were withdrawn. The cells consisted chiefly of neutrophiles with many monocytes and rare i 
eosinophiles; culture of the fluid showed no growth, The anemia was again extreme wit p 


a more marked leucopenia (4600) and a normal hemogram. The spleen was larger than befor 
the liver also somewhat enlarged. The Congo red test for amyloidosis was negative. pl 


On October 2, he insisted upon leaving for his home in the country, where he died 





days later. No autopsy eould be obtained. Ww 
The blood serum had always shown marked flocculation on dilution with distilled w th 
the formol-gel test always produced milkiness and jelling within five minutes. The seru pr 
protein values were as follows: 
TOTAL SERUM SERUM EUGLOBULIN PSEUDO 
TE GLOB I} 
BATS PROTEIN ALBUMEN | GLOBULIN GLOBULI l 
3/ 2/35 9.71 per cent 2.58 per cent 7.53 per cent 2.59 per cent 1.74 per I 
4/17/35 14.1 2.4 11.7 I 
4/29/35 | 11.4 2.3 9.1 
5/18/35 10.56 2.14 8.22 3.67 $55 
8/ 8/35 8.4 1.4 7.0 
9/12/35 7.25 1.76 5.59 1.67 3.92 
Case 2.—F. R., aged 59, entered the Jewish Hospital of St. Louis in September, |954, 
complaining of loss of weight and increasing weakness. During the previous summer s! iad sid 
suffered much from arthritis, involving chiefly the left shoulder and elbow. The joints were lim 
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tinful and showed swelling, redness, tenderness, and limitation of motion. When she entered 
the hospital these manifestations had pretty well subsided, but there was still some thickening 
about the joints and some arthritis of the cervical spine. She was found to be running an 
rregular fever, at first only occasionally reaching 102°, but later during her stay in hospital 
exceeding this level nearly every evening. Physical examination showed a systolic cardiac 
nurmur that had been present at a previous admission nine vears before, a moderate cervical, 
axillary and inguinal adenopathy, «a slightly enlarged liver, and a greatly enlarged spleen. 
Nhe blood count on admission showed: red cells 4,400,000; hemoglobin 90 per cent ; white cells 


900; hemogram: 


a Ko My Ju St Se Ly Mo 


3 
1 | 0 0) 17 50 97 } 


During her three months’ stay in hospital the white count was never quite so low again 
but exceeded 6,500 only once, while a moderate secondary anemia made its appearance. Re 
peated blood cultures were negative. The Kahn test was sometimes positive, sometimes 
negative; the Wassermann, when not anticomplementary, was negative; there was nothing 
in the history suggesting syphilis. All the routine agglutination tests were negative, as were 


intradermal tests for tuberculosis and = brucellosis. Splenic puncture and = sternal marrow 


biopsy gave normal findings. The urine, at first normal, later contained albumen, casts, and 
red cells, Repeated examination of blood and urine was negative for Bence-Jones protein. 

In January, 1935, the arthritis, which had not been marked for several months, flared 
up again with pain, tenderness, redness, and swelling of the right ankle. It subsided after 
some weeks, but recurred again two months later. 

During all of this time until her death in May she continued to run a high daily fever 
of a septic type. The blood picture showed a secondary anemia, progressively more severe, 
and a moderate leucopenia. A typical count was that of Mareh 15, 1955: red cells 2,810,000; 


hemoglobin 65 per cent; white cells 7,500; hemogram: 


Ba Ko My Ju St Se Ly Mo 
0 2 0 0 6 3O4 56 2 
The platelet count was 180,000; toward the end of her illness many small petechiae were 
seen scattered over the entire body. Repeated blood cultures were negative. The spleen 
slowly grew in size, being firm and smooth, and finally extending some 11 em. below the costal 
margin. The very moderate adenopathy remained unchanged. The liver was always distinetly 
palpable. There was never any free fluid in the abdomen. 

In May, 1935, seven months after entering the hospital, she died in coma with a terminal 
pneumonia. Unfortunately, autopsy was refused. 

The blood serum, like that of the first case, showed a heavy flocculation upon dilution 


with distilled water, indicating the presence of a large excess of euglobulin, All sera except 


ust solidified and became opaque promptly upon the addition of formol. The serum 


protein values were as follows: 


; TOTAL SERUM SERUM } aed . . PSEUDO- 
rE : x . ma = EUGLOBULIN 2 
PROTEIN ALBUMEN GLOBULIN GLOBULIN 
ll/ 2/34 7.7 per cent 5.2 per cent 4.5 per cent | 2.5 per cent | 2.2 per cent 
ll/ 7/34 9.0 3.9 5.1 1.2 3.9 
12/ 4/34 | 7.1 3.3 3.8 1.1 2.7 
1/16/35 7.87 2.10 5.77 } 2.24 3.00 
5/21/35 8.19 2.90 4.29 83 3.46 


COMMENT 

Nhere may well be a difference of opinion regarding the propriety of con- 
sidering these two cases as examples of Still’s disease, if only because the de- 
limitation of this svndrome is itself somewhat vague. In both eases Banti’s 
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disease was considered, but the continuous high fever, the arthritis, the adenop 


athy and the total absence of ascites did not fit this picture. A complete x-ray 


study of the bones should have been done to exclude multiple myeloma, but 


nothing in the clinical pieture suggested this diagnosis, nor did blood or uring 
ever contain Bence-Jones protein. The two cases seem worth reporting beeaus: 
it may be that a study of the blood proteins may help us to a further knowledge: 
of those very interesting cases that have been grouped together under the nanv 


of Chauffard-Still svndrome. 
SUMMARY 


Two eases are reported characterized by arthritis, adenopathy, splenomegaly, 
and long-continued high fever. For want of a better diagnosis they are ineluded 
in the so-called Chauffard-Still syndrome. 

Both eases show hyperglobulinemia, with an extremely high euglobulin pei 


centage. 


' desire to express my thanks to Dr. David P. Barr, Head of the Department of Medicine 
of Washington University, for permission to report the first case; and to Dr. Michael Somo 
biochemist at the Jewish Hospital of St. Louis, for the blood protein determinations. 
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THE INFLUENCE OF CALCIUM SALTS ON DIGITALIS ACTION*# 
Roperr A. MeGuigan, M.D., C.M.. ano Joun A. Hiaarns, D.D.S., Cuicago, Iun. 


T IS held quite widely by clinicians and research workers that intravenous 

calcium medication is dangerous, especially when strong concentrations are 
used, and exceptionally so in digitalized patients. The intravenous use of 
calcium salts is extensive. It has been used in the treatment of lead poisoning ; 
after parathyroidectomy ; in tetany ; tuberculosis; nephritis with edema; after 
hemorrhage; in heart disease; in allergic diseases, such as eczema, urticaria, 
angioneurotic edema, asthma, hay fever, ete.; deficient calcification of the 
hones; to relieve the pain in inoperable cancer; in alkalosis; in jaundice pre- 
liminary to operations, ete. 

Bower and Mengle! report two deaths in patients following the intramus- 
cular administration of digitalis and the intravenous injection of 10 ¢.e. of 
10 per cent calcium eluconate in one case, and 10 ¢.c. of 10 per cent calcium 
chloride in another. Lloyd? reports that rapid intravenous injection of eal- 
cium chloride (10 per cent) is dangerous; the electroeardiogram showing what 
he interpreted as sino-auricular block. Berliner* found that the intravenous 
injection of 10 ¢.c. 20 per cent calcium gluconate in man produced electrocar- 
diogram changes, which indicated damage to the heart. He states that when 
injected slowly and in proper amounts, calcium salts are harmless, but when 
administered rapidly they are potentially dangerous. Lieberman,’ working 
with dogs, found that when calcium gluconate is given slowly (about 0.5 ¢.e. 
per minute of about 1.2 per cent) about ten times the amount could be injected 
as if the rate of injection was 1 ¢.c. per minute. 

Calcium salts injected into the blood stream affect the heart somewhat 
like digitalis. Gold and Edwards’ found a synergism between ealecium and 
ouabain in dogs. Lieberman found only an additive effect of caleium with 
digitalis and with scillaren B. Nyiri and DuBois,® working with frogs, found 
that calcium, above a certain concentration, intensifies the action of digitalis. 
Weichmann? also found that in the isolated frog’s heart caleium ions increase 
the action of digitalis. LoewiS accepts the synergistic action of calcium and 
digitalis and explains the synergism by stating that digitalis sensitizes the 
heart toward calcium ions. Combating the explanation of Loewi, Forscher,® 
also Fiseher,’® claims that digitalis exerts a specifie action independent of the 


caleum. Fischer offers the following explanation; The heart is sensitized by 


digtioxin for eertain kinds of stimuli, among others for calcium ions, and there 


reciprocal synergism between calcium and digitalis. Schuntermann™ 
From the Laboratory of Pharmacology and Therapeutics, University of Illinois, College 
icine, Chicago. 
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thinks the synergism is due to the condition and amount of electrolytes in the 
tissues (electrolyte milieu 

Some of the experiments upon which the above opinions are based were 
on the isolated heart. Some were on intact animals. Each method has its 
advantages and disadvantages, but it would seem more physiologic to use 
intact animals, and for comparison with man, warm-blooded animals would 
seem preferable. Colldahl'? used intact tadpoles, and, to insure better absorp 
tion, treated them with the glucoside evelamin, after the method of Overton 
bv this method a definite constant concentration of the drug may be kept in 
the blood. This method has the advantage that a known concentration of 
calcium as well as digitoxin can be kept in the circulation. Colldahl found 
that digitalis or increased calcium content of the blood caused a decrease im 
the heart rate. A digitoxin concentration of 1:800,000 had an action similar 
to 1:500 of ealeium chloride. Quite contrary to most of the reported work, 
however, he found that calcium lessens the toxic action of digitoxin. He states 
that his results correspond with certain clinical observations of whieh he 
quotes the following: 

Billigheimer'™ thinks that the action of digitoxin on the heart is due to 
the liberation of calcium ions, and states that cases of tetany (caleium de 
ficiency) with sound heart, tolerate little digitalis. On the other hand, cases 
of encephalitis in which the blood calcium content is quite high tolerate eno1 
mous doses of digitalis. 

Singer! says that ‘‘while calcium increases and hastens the aetion of 
digitalis on the heart, it lessens the untoward actions of digitalis on the para 
sympathetic system. It is both the whip and the rein for digitalis.”? Seelig 
calls attention to the possible ill effects on the heart by 10 per cent calcium 
chloride intravenously, and recommends that 1 per cent be used and injected 
slowly. This suggestion corresponds to the findings of Lloyd, Lieberman, and 
to our own, and we believe it has not received the attention it merits. 

Quite recently Nahum and Hoff" have studied the effect of calcium on 
the digitalized heart. They used rabbits in their work and studied particu- 
larly the eleetrocardiogram changes produced. They found that digitalized 
rabbits tolerated as much calcium as controls, and concluded that in the no 
mal nonanesthetized rabbit heart the effects of calcium and digitalis are not 
additive. Their work is not quite comparable with ours since after ‘‘arrest”’ 
of the heart with caleium in controls, they were able to use the animals again 
with digitalis. In clinical cases where death occurred after digitalis and cal- 
cium, they incline to the opinion that it was entirely due to digitalis. We 
think it was more likely due to the too rapid injection of the caleium salts. 

The work of Nahum and Hoff has been criticized adversely by Gold and 
Kwit!? on the fact that the dose of digitalis as used by Nahum and Toff, aud 
referred to as 50 to 75 per cent of the caleulated lethal dose, was only about 
6 to 9 per cent of the lethal dose for the rabbit, the lethal dose of digitalis tor 


the rabbit being about 8 times as much as for the eat. 
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EXPERIMENTS 


Dogs were used in all our experiments. They were anesthetized with pento- 
barbital sodium, 35 mg. per kg. body weight, given intraperitoneally. This drug 
us given affects the heart but slightly, and, therefore, is well suited to study 
drugs that kiil by affeeting the heart. Injection of the calcium salts was into 
the femoral vein, each injection, unless specified, being made in about one 


minute, and injections were repeated at five-minute intervals. 


FarTaAL Dosk or CALCIUM CHLORIDE 








WT. OF DOG PER CENT INJECTIONS (€.C.) TOTAL DOS} FATAL DOSE 

IN KG, CaC] EVERY 5 MIN. ee CaCl, PER KG. 
10.9 37 10.0 360 1.222 
SH 5.0 15.0 150 O.SS0 
6.0 5.0 10.0 Sv) 0.666 
25.0 0 2.5 870 O.550 
23m 2.0 11.6 $42 0.960 
15.0 5.0 10.0 PSO) O.983 
13.6 D0 POO St) OSO0 
95 10.0 10.0) slowly ao O.650 
20.9 10.0 10.0 very slowly 160 0.765 


From the above experiments it is concluded that the amount of caleium 
that may be injected before death occurs depends largely on the rate of injee- 
tion. Twenty cubie centimeters of 5 per cent injected rapidly may kill at one 
injection, whereas 400 ¢.c.. or over one gram per kilogram, may be given if 


Injected slowly. 


FATAL DOSE OF CALCIUM GLUCONATE 


OG ca GLUCO 
. OF DOG RATE (C.C.) EQ. TO Cacl, 
s NATI MW TOTAL (C.C.) GM. E . ? 
KG. EVERY 5D MIN, PER KG. 
IN SALINI 
8.6 10 50 250 5.08 0.740 
13.2 10 10 150 8.00 0.740 


While these large doses may be injected, three injections of 20 ¢.e. eaeh 
killed a 10 ke. dog, and one such injection may kill a smaller animal. Two 
or 3 per cent solutions of calcium gluconate may be injected ad libitum and 
kill mainly by volume effect. 


FATAL DOSE OF DIGITALIS 


In dogs anesthetized as we have done, with pentobarbital, 35 me. per ke., 
the fatal dose of the digitalis was 1 ¢.c. of the tincture per kg. In fact the 
dose is so uniform that we think that this method may be used to standardize 


digitalis. The variation we have found in a number of healthy dogs is not 
over 10 per cent from this figure. The number of animals used in this ease,® 
Whe sufficient for the present purpose, is not enough to say that the method 
may be used for standardization. We are at work on this problem. 


EXPERIMENTS WITIL DIGITALIS ALONE 


\ strength corresponding to the 10 per cent tineture in 25 per cent alcohol 
Wa» used, and 1 ¢.c. injected into the femoral vein every five minutes. 
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FATAL DOSH Cu. 


WT. OF DOG IN KG, RATE (C.C.) EVERY 5 MIN. / 
10% TINCTURE 
Y Ps: 1.0 re 
6.0 1.0 6 
12.0 1.0 1] 
8.2 1.0 g 
7.7 2.0 Ss 
16.6 9 0 IS 
14.6 2.0 16 
13.6 1.0 3 


10.9 1.0 Lo 


DIGITALIS GIVEN First, 1 c.c. Every Five Minutes, FoLLoOWwED BY CALCIUM 
GLUCONATI 


WT. OF DOG DIGITALIS cc, Cu GLUCONATI FATAL DOSI /, 


IN KG. 10% c.c.) 10% DIGITALIS Ca GLUCONATI 
10.0 if) 120 On 10) 
6.6 } 100 bey Th) 
13.0 l2 30 92 s 


Calcium Gluconate Given Before Digital 
10.0 9 Ov OH) pd 
8.2 sS 6 a) 
Calcium Gluconate (2% ), 1 c.c. Injections, Alternated with Digitalis 


13.0 1 1 a0) 04 
10.0 1 1 110 0.6 


In another dog, 8 kg., rapid injection of 25 ¢.c. 10 per cent caleium glu 
conate, after 50 per cent of the fatal dose of digitalis, killed almost immedi 
ately. Slow injection causes no such effect. These experiments show that 
ealeium gluconate in larger or smaller dose has no perceptible action on 


digitalis, other than an additive toxie effect. 
DIGITALIS WITH CALCIUM CHLORIDE 


Since the toxie dose of calcium chloride varies with the rate of injection, 
we have tried to give the injections at a uniform rate. The toxie dose of eal- 
cium chloride for purpose of caleulation is taken at 550 mg. per ke. body 
weight. This was the minimum fatal dose found when we injected 5 per cent 
calcium chloride at a rate of 0.5 ¢.c. per kg. every five minutes. If injected 
more slowly, this figure may not be correct, but it will serve for purposes of 
comparison, and if any striking effect of giving digitalis and ealeium ehloride 
together is an actuality, it should demonstrate it. Because it has been stated 
by some that digitalization is sometimes rendered less toxie by calcium ehlo- 


ride, we have varied the doses and concentrations of the ealeium. 
EFFECT OF SUDDEN CHANGES OF CALCIUM CONCENTRATION ON THE HEART 


Carl Schmidt (quoted from Mathews’ Physiological Chemistry) gives the 
calcium concentration of the blood at 0.0193 per cent calcium phosphate. This 
is equivalent to 0.007 per cent calcium. Since the volume of blood in a perso! 
weighing 70 kg. is about 5,500 ¢.c., the total amount of caleium would be 0.385 


grams. 








ll 
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DIGITALIS ALTERNATED WITH CaCl, 
DIGITALIS WITH 0.5% CaCl,, ALTERNATE INJECTIONS OF 1 ¢.c. DiGITALIs, 0.5 c.c. CaCl, 


WT. OF DOG ; -s CaCl FATAL DOSE (@&%) 
MNGITALIS é o “yt 
IN KG. amie te DIGITALIS CaCl, 
S.4 90 } 107 OO. 


Digitalis with 1% Cacl,, Alternate Injections 


S.0) 9.0 if) 110 O.5 


Digitalis Given First, Followed by 5% Caleium Chloride 
Uo €.C, pel ka. 


18.2 9,1 118 D0 55.0 
20.0 10.0 190 50 14.0 
“6.0 14.0 60 D4 P0.0 


The rapid injection in the last case (15 e.c. at dose) was a faetor in death, 


i e 9.0 8] 53 3.0 


{lternating Doses of Diaitalis and IG Calcium Chloride 


20.9 13.0 S4 62 44.0 


Each 10 ¢.c. of a 10 per cent solution of calcium chloride contains 0.36 gm. 
of ealeium. Consequently the intravenous injection of 10 ¢.¢. would double 
the normal ecaleium concentration immediately. Since this may reach the 
heart in several times this concentration, it may cause immediate stoppage. 
The effect is directly on the muscle, since we have found it is not prevented 
by atropine. The effect, however, on the tracing is similar to that which oe- 
curs after stimulation of the vagus. Rapid injection of many drugs may 
eause a stoppage of the heart, which may be temporary or permanent, and for 
lack of knowledge of the detailed mechanism is described as a ‘‘shock’’ effect ; 
in this case it is apparently due to sudden change of the electrolyte milieu. 
Such reactions emphasize the importance of slow injections of any intravenous 
medicament. In the ease of ecaleium chloride, a 10 ¢.c. dose should oecupy at 
least two minutes, at a uniform rate. 

A recent study by Hoff and Nahum,'* using the eleetrocardiogram, shows 
that 1 to 2 ¢.e. of a 10 per cent ealeium chloride solution injected at the rate 
of 2 ee. per minute in unanesthetized rabbits produces a slowing of the heart, 
auriculoventrieular delay, and auricular fibrillation. Larger doses cause extra- 
systoles from many foci, periodie cardiae arrest alternating with ectopie ven- 
frieular beats (Luciani periods), and eardiae arrest. 

From the above experiments the following conclusions may be drawn: 

1. Caleium salts affect the heart in a manner similar to digitalis, and their 
action is additive. 

2. Calcium salts may be injected intravenously in quite large amounts if 
given slowly. The rapid injection of 5 per cent is potentially dangerous, 
eitller in presence or absence of digitalization. 

3. There is no specifie danger in the slow administration of caleium after 
divitalis other than an additive effect. 
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1, Calcium elueonate is safer than calcium chloride for intravenous use 


only because it contains less calcium. A saturated water solution (about 


per cent) may be injected at the rate of 10 © 
danger. 


3 
«. per minute without much 
One-half this rate. however, is recommended. 
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LABORATORY METHODS 





THE MICRODETERMINATION OF CALCIUM IN WATER’ 
Epwarp L. BREAZEALE, B.S.A.. AND Ropertr AL GREENE, PH.D... Tucson, ARIZ. 


ROM time to time most laboratories are called upon to determine the ealerum 

content of water, or they may desire to cheek upon the efficiency of the 
operation of a water softener or still, Since the methods given in Standard 
Methods of Water Analysis! require considerable time, it occurred to us that 
the Clark-Collip) modifieation of the Kramer-Tisdall method might be em- 
ploved for this purpose. This method is commonly used for the determination 
of calcium in blood serum, but, as far as we know, it has never been suggested 


for the determination of caleium in water. 
METHOD 


The following technique (as given by Mattice?) was emploved: 5 ml. of 
water and 1 ml. of saturated ammonium oxalate are placed in a conical (15 ml.) 
centrifuge tube. The contents are mixed by gentle agitation and allowed to 
stand for two to four hours (Mattice? recommends that, when convenient, they 
be allowed to stand overnight in the icebox). At the end of the period, the 
tubes are centrifuged and the precipitate is washed twice with dilute ammonia, 
then dissolved in 2 ml. of approximately N H.LSO,, and the solution after heat- 
Ing is titrated with O.O1 N KMnQ, in the usual manner. A blank determination 
is conducted by adding 1 ml. of the ammonium oxalate solution to 5 ml. of 
distilled water. 


RESULTS 


In order to try out the method, a stock calcium solution was prepared and 
Standardized according to Standard Methods of Water Analysis. The solution, 
When diluted, contained 0.09 me. ealeium per ml. This was added to distilled 

in varving amounts, and the calcium was determined by the method 
above. The results are given in Table [. Each figure given is the average 
sely agreeing duplicates, determinations made upon different days. In 
case, the ‘‘biank’* has been deducted from the total amount of KMnO, 
in the titrations. 


From the Arizona State Laboratory, Tucson. 
eived for publication, Sept. 21, 1937. 
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TABLE I 


RECOVERY OF CALCIUM ADDED TO DISTILLED WATER 


1 Mu. CA SOLUTION 0.09 Ma. Ca 
ML. Ch SOLUTION ML. DISTILLED H,O MG. Ca ADDED paar posocTnce 
2 KMn0O, RECOVERED 
] } 0.09 O45 O09 
2 3 0.18 0.90 0.18 
3 2 0.27 1.40 O28 
} l O36 1.80 O68 
5 0 0.45 9 D5 O45 


Table I shows that excellent recoveries were obtained, so the experiment 


was repeated by adding a calcium solution of known strength to tap water. 


Many analyses of the tap water according to Standard Methods of Water 


Analysis’ have shown that it varies between 40 to 45 parts per million of cal 


cium with an average of about 42 parts per million. 


TABLE II 


RECOVERED OF CA ADDED TO TAP WATER 


1 Mui. CA SOLUTION 0.09 Ma. Ca 
ML. TAP MG. ca ML. 0.0L N MG. Ca 
ML. €@&a SOLUTION . . 

WATER PRESENT KMnO, RECOVERED 
0 5 0.21 1.05 0.210 
l } 0.258 1.25 0.250 
2 ; 0.306 65 0.310 
3 2 0.354 1.80 0.360 
4 l 0.402 2.05 0.410 
5 ) 0.450 9.30 0.460 


The recoveries obtained agree well with the amounts of Caleium known 
to be present. In order to determine how sensitive the method is a more 
dilute solution of Calcium was added to distilled water. The results are given 
in Table IIT. 

TABLE III 


RECOVERY OF SMALL AMOUNTS OF CALCIUM ADDED 'TO DISTILLED WATER 


1 Mu. Ca SOLUTION 0.01 Me. Ca 
ML. Ca ML. DISTILLED MG. Ca ML. O.UL N MG. Cu 
SOLUTION H,O PRESENT KMnO, RECOVERED 
l 4 0.01 0.05 0.0] 
2 3 0.02 0.10 0.02 
3 2 0.03 0.15 0.03 
} 1 0.04 0.2 0.04 
5 0 0.05 0.3 0.06 


Although we secured excellent recoveries of calcium, it is not reeommended 
that the method be applied to waters which would require less than 0.5 ml. of 
0.01 N KMnO,. We have tried the use of more dilute permanganate (0.()(00 
and 0.001 N), but find that due to the dilution, considerable errors are intro- 
duced; excessive amounts of the permanganate are required to give the charac 
teristic end point. 

















JOURDONAIS: FOLIN-MALMROS MICRO BLOOD SUGAR METHOD 847 


If the water contains less than 16 to 20 parts per million of Ca, 20 ml. 
should be evaporated to a volume of 10 ml., and the determination may be 
made upon this concentrate. If the calcium content is large, use a smaller 
sample and sufficient distilled water to bring the volume to 5 ml. 


To caleulate parts per million: 


If sample 5 ml. and KMnO, is 0.01 N 
ml. KMnO, blank) « 0.2 200 ppm. or 
(ml. KMnO, blank) «x 40 ppm. 


If other volumes of sample are used, multiply the volume of KMnQO, used 


less blank) by the corresponding factor: 


VOLUME OF SAMPLE, ML, FACTOR 
| 200 
2 100 
66.6 
! 50 


SUMMARY 
The Clark-Collip modification of the Kramer-Tisdall method may be ap- 
plied directly to waters of calcium content greater than 16 to 20 parts per 
million. Any technician doing blood ehemistry should be already familiar 
with the method and should have all the necessary reagents and equipment. 


The method has given excellent results in this laboratory. 
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STANDARDIZATION OF THE FOLIN-MALMROS MICRO BLOOD SUGAR 
METHOD FOR CAPILLARY AND VENOUS BLOOD AND ITS 
ADAPTION TO THE PHOTOELECTRIC PHOTOMETER* 


LEONARD I, JOURDONAIS, M.D., Evanston, Iu. 


ae vent errors occur in visual colorimetry through variation in color 


sitivity among observers and through fatigue in the observers. Several 


colorimetrie methods have been introduced recently which utilize photoelectric 
cells to improve accuracy. In 1935 Goudsmit and Summerson' introduced a 
Variable layer photoelectric comparison photometer based on the principle of 


the Duboseq colorimeter. Their method makes use of photoelectric cells for 
measuring the intensity of color in each cup independently. Differences in 
\ided by a grant from Mrs. Helen R. Goldman. 
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turbidity are also recorded as with any photometer. This flexible instrument 


with its improved accuraey should prove a distinet advantage in routine de- 


termination of blood sugars by such a method as the lolin-Malmros. 


The Folin and Malmros? modifieation for determination of eapillary blood 
sugar has advantages which makes it a valuable procedure. It is not only simple 
and accurate but has the additional advantage of slow fading of color. This slow 
fading permits a long series of determinations whieh can be read without ap 
preciable loss. lor these reasons, their method was peculiarly adaptable to the 
study we were making. 

It became evident, however, in determining blood sugars in this way that 
certain factors must be investigated before it could be adapted to the photo 
electric colorimeter. Two serious disadvantages were encountered among thes 
had to 


variable multicolored solution. 1.e.. 


The first was the complicating one of a 
the 


factors, whieh be corrected. 


the color of the Prussian blue and of 


potassium ferrievanide. Folin and Malmros suggested the use of a yellow filte: 
with the visual colorimeter to eliminate the color of the ferricyanide. A second 
disadvantage was a progressive loss from the ealeulated amount of sugar as the 
concentration of the sugar solution was increased. These two difficulties will bv 
discussed later, as well as sueh other variables as time of heating, intensity ot 
the light in the colorimeter, and the stability of the Prussian blue. 

TABLE I 


rERMINATIONS ] ON CAPH : sLOODS DURING RouTINE GLUcos!} 
Di DET INATIONS MADE ON CAPILLARY B 1) | ( 


TOLERANCE TEST AND ON KNOWN GLUCOSI 


PLICATE 
SOLUTIONS 


CAPILLARY BLOODS 
GLUCOSE TOLERANCE TESTS 
| 8 


KNOWN GLUCOSE SOLUTION 


19 


A. 
102 
104 
159 
160 
141 
143 
11] 
113 
116 
117 


F. 


K. 37 


2 > 
20/87 


144 


Case S, Case Case 
OSLO 
QS8.5 
144.9 
147.0 
145.9 
143.9 
178.6 
178.6 
137.9 
140.8 


134 
137 


oO) 


215 


?-OO 
179 
178 
135 
136 


TECHNIQUE 
J 
tehnique of the method used is essentially that recommended by Folin an 
Malmros, with the exception of the length of time for heating. Folin an 
In this study 

A 0.001 


Capillary and oxalated venous blood were obtained in the usual way. 


Malmros eave directions for heatine the tubes eight minutes. 


tubes were placed in the water-bath for twenty minutes. per © 


elucose solution was used as a standard. 


given by Goudsmit and Summerson were followed. 


by Klett) proved to be of advantage. 
Malmros method made a high intensit 


former set at 6, and the galvanometer switeh set at the No. 2 position. 


The directions for use of the colorime 


A vellow glass filter (supp! 


The deeply colored solutions in the Fol 


v of light desirable, i.e., the A.C. tr 


Althoueh ¢ 
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lower intensity of light gave essentially identical readings as the higher, the 
higher intensity increased the sensitivity of the colorimeter. It further re- 
sulted in a saving of time by makine it possible to approach the null point 
of the galvanometer more rapidly. Two or more readings were made by 
racking the cup up or down. However, after some experience with the instru- 
ment, only one reading was necessary to insure accuracy. With proper care, 
1b to 20 blood sugar determinations may be read without any loss of accuracy 
due to shifting of the instrument or to fading of the color. Serupulous attention 


fo details of operation and cleanliness of the instrument must be maintained. 


Figh Lirht Yellow Filter 


zs 
e| 
© 
ae | 
° 
° 
© 


Low Light Yellow Filter 


Low Light No Filter 


ZO 1260 126 rece! a3 1360 1380 00 he lO al BO 4 500 
“Calouleted Mg. Clucose 





overy experiment on known glucose solutions showing effect of high light and low 
light intensity with a filter, and. low light intensity without a filter. 


DISCUSSION 


A very satisfactory accuracy may be obtained with the use of the Folin- 
mros method when read with the photoelectric colorimeter. This is demon- 
ied in Table I, which shows a series of known e@lucose solutions determined on 
essive days. This same table shows a series of duplicate capillary blood 
's, taken during the course of routine dextrose tolerance tests. This degree 
‘curaey was difficult to approach with the visual colorimeter and especially 
ion the readings were made by different observers. Identical readings with 
shotoelectrie colorimeter were readily obtained by different observers. 
When variations occur in results obtained with the photoelectric colorimeter, 
are significant of pipetting inaccuracies. 
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As indicated before, certain standards were selected somewhat arbitrarily 
because they offered advantages in constancy as well as speed of operation. With 
a high intensity of light no appreciable difference was noted whether the gal- 
vanometer switch was set at position 1 or 2. However, at position 1, somewhat 
lower readings were obtained when the intensity of the light was diminished. 
Such lower readings were especially characteristic with higher concentration of 
sugar. Fig. 1 demonstrates recoveries of a series of known solutions of glucose 
when readings are made with standard technique, with low light intensity, and 
without the yellow filter. It should be noted that the first two series of readings 
are almost identical except at higher concentrations when they tend to be a 
little lower with the low light. The percentage of difference, however, is minimal. 
Readings without the yellow filter are markedly lower than with the filter, 
and become progressively lower with the higher concentration of sugar. This 
difference is probably due to the progressively decreased yellow color of the 
ferricyanide solution as compared with the standard. A disturbanee in the pro 
portionality of the color of the solutions is reflected in the readings and produces 
a marked variation from the calculated readings. When the filter is used, this 
variation is largely obviated. 

Studies made on the effect of the duration of heating indicate that eight to 
ten minutes is probably sufficient to complete the reduction of the ferricyanide 
to ferroeyanide. Twenty minutes’ heating was used routinely, because, as sug- 
gested by Somogyi,’ eight minutes may not give complete reduction. We found 
when blood filtrates were used the recoveries after eight minutes seemed to be 


lower and less constant than those obtained with twenty minutes’ heating. 


TABLE II 


SHOWING THE STABILITY OF THE PROPORTIONALITY OF THE COLOR DEVELOPED IN THE Fot 
MALMROS MOopIFICATION CAPILLARY BLOop SuGAR METHOD 


READING ON THE COLORIMETER SCALI 
NUMBER IMMEDIATELY HALF-HOUR ONE TOUR 


| 35.3 35.5 ; 35.2 


4 19.6 9. 19.7 

14.0 ’ 14.1 
10.75 10.8 
9.2 9.5 9.5 


. 


$ oes 25 5.0 


10 B ‘9 £95 
1] . 1.75 1.75 


In Table II the stability of the proportionality of the Prussian blue is illus- 
trated. Readings made immediately, in one-half hour and in one hour, show no 
evidence of fading and give essentially the same readings. This factor was 
significant when fifteen to twenty determinations were made in a given series. 

Even after these variables were corrected and standardized, the readings 
obtained with the photoelectric cell colorimeter still did not approach the cal- 
culated readings and gave lower values than those obtained with the visual 
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colorimeter. The readings were consistent and produced a straight line curve 
when plotted on logarithmie paper. The depth of the color apparently did not 
follow Beer’s law when applied to the response of the photoelectrie cell. This 
diserepaney may be due to failure of quantitative production of the color or to 
interference by colloidal particles introduced with the iron-gum ghatti solution. 
In either case the factor was a constant for which a calibration eurve (Fig. 2) 


was made. This curve was made for the 0.001 per cent standard. A 0.002 per 


tte eteee 
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30 40 50 60 70 8&0 90 100 200 300 409 500 
ge Blood Sugar 
Fig, 2.—Calibration curve for 6.601 per cent standard glucose solution. 


cent sugar standard may be used whieh will give accurate readings up to 250 mg. 
per cent of blood sugar without correction. This standard was disearded because 
it necessitated readjustment of the instrument with the change in standard. 
With the use of the calibration curve, accurate readings may be obtained as high 
as 000 mg. per cent, using only the 0.001 per cent standard. Fig. 2 shows the 
eal/oration curve. Table III shows readings on several blood sugar determina- 
tions corrected by using the calibration curve. When recoveries with the 0.001 
per cent standard are corrected with the calibration curve, they will superim- 
on recoveries with the double standard (0.002 per cent) up to a level of 250 
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TABLE II] 


SHOWING USE OF THE CALIBRATION CURVE IN HIGHER CONCENTRATIONS OF GLUCOSE 


SPECIMEN CALCULATED RECOVERY CORRECTED DIFFERENCI 
Mixture of 5 blood specimens 171 IS2 
- O<.1 e.e. of (1 @.e. of A plus ] po < 
O03 per cent glucose ) 
0.1 ec. of (1 ec. of A plus 1 e.c. of ode o plus 2 
OD per cent glucose ) 
cc. of (1 e.c. of A plus l e.e. , vb may a) ek minus ] 
O07 per cent elucose ) 


plus 3 


‘ of ( ] é€.€. ot \ plus ] >.C. F nf 7 D minus y 
lL per cent glucose 


me. per cent. Above this level, correction must be made with the double standard 
also. We feel that the use of the single standard (0.001 per cent) is mueh simpler 


and gives as great a degree of accuracy as the use of several standards. 
SUMMARY 


The variable laver photoelectric colorimeter is adaptable to routine sugar 
determinations by the Folin-Malmros capillary method. The method is accurat: 
and simple. A vellow filter is advantageous for securing consistent results. The 
readings with the colorimeter do not follow Beer’s law, and a calibration curve 
is necessary for accurate results. A standardized technique permits a high degre: 
of aceuracy and makes feasible the use of the method for routine determinations 
of blood sugar. 
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A METHOD FOR STAINING RICKETTSLA IN SECTIONS 
Pror, Dr. SADAMI Oct. SAPPORO, JAPAN 


IEMSA’S stain is generally used in the study of rickettsia in smear prepa- 

rations. In well-made smears stamed by the Giemsa method, one can 
demonstrate massively grouped rickettsia very well. In such smear prepa 
tions it is readily observed that the rickettsia are very definitely intracellu 
Furthermore, Giemsa stain is used for the demonstration of rickettsia in tissu 
Da Roecha-Lima has used Giemsa to stain Rickettsia prowazekt in sections fi 
typhus; ‘‘the best stains are obtained in forty-eight hours, using 20 ¢.c. distil’ 
water + 10 drops Giemsa solution, changing the staining solution every twe! 


four hours. If one wishes rapid staining, 20 ¢.c. of water and 10 drops 


Giemsa are used, changing the stain once or twice, for a period of two to three 


*From the University Eye Clinic, Hokkaido University. 
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hours. The staining is made by flooding the slide, in a horizontal position.’’ 
Handb. d. path. Mikroorganismen 9: 926, 1929.) 

Notwithstanding that this method of staining with Giemsa has been pro- 
posed, it appears that staining of sections in the study of rickettsia is infre- 
quently used, Possibly there is some valid ground for this. Nevertheless, if 
the manipulation of section staining is simple, the microbiologic study of 
stained sections might be important in rickettsia investigations, as in other, 
similar, cases, 

In fact, well-stained sections could be very useful in microbiologic in- 
vestigations. If, for example, some sort of colored bodies should be observed 
in stained sections, sufficient study could be made by serial sections to deter- 
mine if they are, or are not, microbiologic in nature. It is self-evident that 
one cannot determine by stained smears whether the colored bodies in the 
tissue are a pathologie reaction product of the tissues or aetual pathogenic 
microorganisms. But in stained sections one can observe simultaneously, and 
compare, the tissue changes and the stained bodies. Therefore, the examina- 
tion of stained sections becomes more and more essential in such microbiologic 
studies, particularly if sueh bodies are readily stainable in sections. 

The history with reference to the riekettsia is hereby omitted. Rickettsia 
have previously been found in eases of typhus. They have also been discov- 
ered, in Japan, in eases of tsutsugamushi disease. There are many reports of 
the deteetion of rickettsia in other diseases. TL. Da Rocha-Lima says: ‘‘Some 
rickettsia, and among them R. prowazehi, Ro ruminantium, R. (Dermacen- 
troxenus) rickettsia, lead, in the host animal, an exclusively, or preponderingly, 
intracellular life and form juxtranuclear accumulations which remind one of 
the Chlamydozoa of Prowazek’’ (Handb. d. Path. Microorganismen 8: 1347, 
1930). In tsutsugamushi disease, the rickettsia found in smear preparations 
from experimental animals are chiefly in the endothelium and histioeytes. On 


the contrary, Prowazek’s chlamydozoa, the so-called trachoma bodies, are 


found principally in the epithelial cells. Both, however, are very similar in 


morphology and in staining. 
My method for staining trachoma bodies in sections is directly applicable 
ickettsia in sections. My method was first published in 1910, in the Acta. 
let. Ophthal. Japon (14: April). By it, Gram-negative bacteria, as for 
mple, the gonococeus, are readily stained in sections. Dr. Y. Onisi, in my 
i¢ (Klin. Monatsbl. f. Augenh. 96: June), used my method for the staining 
trachoma bodies. Herewith is my method, which is applicable for staining 


ettsia in sections: 


1, The most suitable fixation solutions for pieces of tissue, for my staining method are: 
(a) Schaudinn’s sublimate aleohol 
(b) Formalin solution 
Commercial formalin | 
Distilled water 9 
2. Celloidin imbedding was used in my earlier work, but paraffin is rather better: 


ns must not be more than 5 miera thick. 
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3. The staining solution consists of: 


Kresylechtviolet (Griibler) 0.5 
Glycerin 10.0 
5 per cent carbolie acid 90.0 
Distilled water 100.0 


This staining solution is for sections, which are thoroughly fixed in sublimate alcohol. 
If, on the contrary, the sections are fixed in formalin solution, a concentrated staining solution 


is necessary. 


Kresylecht violet (Griibler) 05 
Glycerin 10.0 
5 per cent carbolie acid 90.0 


The stain for these solutions is used as follows: the paraffin sections are laid, 
section side down, on the bottom of a flat dish. The ends of the slide are 
raised slightly, so that the sections do not quite touch the bottom of the dish. 
Then just sufficient staining solution is added to cover the section. This 
manipulation is designed to minimize precipitation of the stain on the seetion 
The staining time is usually from ten to twenty minutes, at room temperature 
More than twenty minutes does no harm. Then the sections are washed, first 
with distilled water, then differentiated with water acidulated with acetic 
acid. The acidulated water contains 5 drops acetie acid to 100 ec. Th 
excess of stain is thus removed from the section. For differentiation it usu 
ally suffices to leave the sections one minute in the acidulated water. Then 
the sections are again well washed to remove the acid. Then the water is 
absorbed from the stained sections with blotting paper, and they are air dried. 
Anilin-xylol (1:1) is poured on the sections to remove the last traces of water, 
and to clear them. Finally the anilin is removed with pure xylol and the 
sections are mounted in neutral balsam. The manipulations may be epit- 


omized as follows: 


—_ 


. Sections are imbedded in paraffin. 


. Kresylechtviolet solution, 10 to 20 minutes. 


. Wash with distilled water. 


. Treat with acidulated water. 


uC 


. Wash thoroughly with distilled water. 
6. Dry sections. 

7. Anilin-xylol. 

8. Xylol. 


9, Mount in neutral eanada balsam. 


By this procedure, rickettsia, in and out of the tissues, are detectable with 
strong magnification. The rickettsia appear mostly as tiny spherules, ar- 
ranged occasionally as diplo- or streptococci. Also, one sees a few elongated 
rods, or dumbbell-shaped rickettsia. These elongated forms of rickettsia have 
deeply colored poles, with thinner central parts, but brightly colored. 

Rickettsia appear to have intimate relation with the cells in the tissues; 
particularly one notices them in the substance of endothelial cells and histio- 


eytes. In the parenchyma cells of experimental animals, as liver cells, 0° 4 
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IN SECTIONS 
mouse, | have noticed rickettsia intracellularly. Obviously, they are also seen 
extracellularly, here and there. 

The staining method, described above, is very simple, compared with the 


Giemsa method, and it can be employed for many purposes by anyone. By 











Fig. 1.—VPeritoneum of mouse. In the center is a group of rickettsia (RR). x 600. 











in Fig. 2.—Superficial section of the liver of a mouse. Rickettsia (R), intra- and extracellular, 
are readily seen. x 600. 

d this procedure of staining sections, one may not only demonstrate rickettsia, 

e but also one has the advantage of detecting, simultaneously, tissue changes as 

we It is worthy of note that with my stain, the Kresylechtviolet has a 

$: me‘achromatie property. The mast cell granules are colored red brown. 

0- TI are differentiated readily from rickettsia microscopically in that the 


a latter are always stained a more or less dark violet. Also, in size, mast cell 
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vranules and rickettsia are different. The former are somewhat larger than 
the granule-like rickettsia. I believe that on that account, my staining 
method for sections, with Kresylechtviolet is very simple, and will prove to 
be very useful for the study of rickettsia. 

The figures show (Fig. 1) rickettsia in the peritoneum, and (Fig. 2) in thi 
liver of a mouse, which were obtained from serial passage of tsutsugamush 
disease, sent me by Prof. Dr. N. Ogata, Biological Institute of China Medica! 


College. 


A BODY TEMPERATURE REGULATING APPARATUS AND AN 
IMPROVED AXOGRAPH FOR ANIMAL EXPERIMENTS 


M. L. Tarnrern, M.D... SAN FrANcIScO, CALIF. 


TEMPERATURE REGULATOR 


N PERFORMING prolonged animal experiments under general anesthesia 
the body temperature usually falls until sueh abnormal conditions prevail 
as to diminish the value of the results. To combat this, specially designed 
operating tables have been built with warming devices incorporated in them, 
or heating units have been put on the artificial respiration machines, when 
such are being used. None of these devices regulates the body temperature 
at any given temperature, but simply supplies extra heat. A more suitable 
method would be to fix the body temperature at the desired level by meanis 
of an automatically controlled device, in the same way as is done with water- 
baths, incubators, etc. T have, therefore, devised a simple electric thermostat, 
suitable for insertion into the rectum, which controls the heating unit in ac- 
cordance with the changes in body temperature. 
In Fig. 1 is shown a sehematic drawing of the thermoregulator used. It 
is blown from Pyrex glass tubing of about 9 mm. external diameter, with walls 


of 1 mm. thickness. The general shape is that of an ‘*‘L,’’ with the bottom or 


1 
The 


horizontal portion bent slightly upward at an angle of about 85° from 
vertical. The horizontal part is about 65 mm, lone over all, and is closed off 
completely from the vertical portion, except for a small hole, 1.5 mm, in 
diameter, located at the lowermost point of lumen. 

A much greater rise in the mercury than could be secured by its expansion 
alone is obtained by putting into the regulator a few drops of a liquid which 
boils at about the temperature sought. Its expansion in going from the liquid 
to gaseous state raises the mercury over a centimeter for each degree cent 
erade, in spite of the unusual width of the upright tube. Ethyl ether ts a 
satisfactory liquid for temperatures around 37° C., but a somewhat more wu 


form rise at body temperatures is secured from a mixture of equal parts of 


the ether and carbon bisulfide. 


Sar 


*From the Department of Pharmacology, Stanford University School of Medicine 
Francisco. 
Received for publication, Sept. 28, 1957. 
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Filling and setting the instrument can be completed in very few minutes. 
The regulator is first filled almost to the top with merceury, then two or three 
drops of the expansion liquid are dropped on top of the mereury, the finger 
being placed over the end, taking care to trap a small bubble of air, and the 
whole is inverted. The expansion liquid and air rise, and by gentle tapping 
are made to pass through the small hole into the horizontal part. Then almost 


all of the mereury is poured out of the vertical portion, and it is restored to 


its upright position. The expansion liquid and air are thus trapped in the 


horizontal arm, and, as the liquid expands, it pushes the mercury up the ver- 





























0 / 2 36¢.m 
Air Bubble 








Fig. 1.—Diagrammatic cross-section of rectal thermostat. 


arm. To set for temperature, the apparatus is immersed in a beaker of 
er about 1° C. hotter than the final temperature desired. The liquid ex- 
is as a gas, and, if too much has been put in, the mercury is completely 
n out of the horizontal arm, allowing the excess gas to escape. The water 
en allowed to cool to the desired temperature, during which process the 
ury reenters the horizontal limb as the gas condenses. The adjustable 
fact rod is then pushed down to the surface of the mercury and clamped 
at position, The contact rods are insulated from each other by glass beads 
ded on the fixed rod. A drop of methyl salicylate put on top of the mer- 


prevents oxidation during operation of the thermostat. 
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In actual use, the horizontal limb is inserted into the rectum, and the 
thermostat held in place in the upright position by a clamp on a stand. The 
contacts of the thermostat control through a relay the heating pad or what- 
ever source of external heat is being used. A very satisfactory and inexpensive 
relay for this purpose is the Precision Temperature Regulator,* which is so 
constructed that it requires only plugging in to the electric light socket to 
supply the current for both the heater and the thermostat. No secondary 
source of low voltage for the thermostat is required. As a heater, we ordi 


narily use any of the market brands of electrical heating pads, covered with 


rubber cloth to keep them dry, or the all-rubber one made by the Seamless 
Rubber Company. When working with small furry animals, such as cats, where 
heat transference from the pad to the animal is very slow, a pad of low heat 
capacity is best to prevent too much overswing in the regulation of the tem 
perature. Clipping the hair off the back also increases the speed of heat transfe1 
and makes the regulation more sensitive. Although this apparatus has been used 
only in animal experiments, there can be little doubt that the principles involved 
would be equally applicable to the maintenance of body temperature of patients 
under conditions of shock, collapse, prolonged poisoning, ete., where this is a 
major factor in promoting recovery of the patient, and ordinarily requires con 


tinuous nursing attention. 


AN IMPROVED AXOGRAPTI 


In making kymographie records, particularly of blood pressure, where the 
amount of rise or fall is important, it is a great convenience to have auto- 
matically drawn on the record a seale from which the magnitude of the changes 
can be read off at a glance. An instrument for this purpose was described and 
named an axograph by Gautrelet' some years ago. Gautrelet’s apparatus had 
the disadvantage that it was mounted rigidly on a clamp and spring bar, so 
that any irregularities in the paper, or lack of exact parallelism in the sup- 
port rod, prevented contact over the whole width of the paper. It did not 
prove satisfactory for general use. The axograph pictured in Fig. 2 is simpler 
to make and free from this disadvantage. 

As shown in the schematic cross-section, the supporting rod fits into the 
sleeve of the axograph. A round pin passes through this sleeve, engaging in 
a slot in the support rod, thus fastening it in, but permitting complete revo- 
lution of the axograph on the rod. In addition, the supporting rod is placed 
nearer to one end of the axograph, so that when the rod is held horizontally 
the face of the axograph hangs in the vertical position by the force of gravity 
and parallels the surface of the paper. The revolving bar of the axograph 
is very simply constructed by using a gear bar of the desired length, and 
about 15 mm. in diameter, and cutting it out on a lathe to leave eireles of 
teeth 5 mm. apart along its length. The appearance of this in cross-section 
at the level of one row of the teeth is shown in Fig. 2. When the axograp!: is 
held in contact with the smoked paper, the bar revolves, drawing a series of 
dotted lines 5 mm. apart on the paper, which correspond to 10 mm. of blood 


*This regulator and the thermostat can be obtained from the Eastern Engine: ring 
Company, New Haven, Conn. 
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pressure when the ordinary type mercury manometer is used. In having the 
bottom line of dots at the zero level, the blood pressure can be read off very 
readily, as shown on the record in Fig, 2. The revolving bar can be made 
whatever length is required for the width of the kyvymograph paper customarily 
used, the one pictured being used for 10-inch paper. The advantage of this 
axograph over Gautrelet’s is in the swivel joint in the supporting rod, whieh 
permits the revolving bar to swing out of its vertical plane and remain in 
contact with the entire width of the paper, in spite of irregularities on the 


surface, or wrinkles that are so frequent on long paper kymographs 


YY, 





Fig. 2.—Photograph of axograph, cross-section drawings of revolving bar and central 
construction (not to seale), and typical blood pressure tracing, showing the dotted 
lrawn on the record by the axograph. 


ln actual use, the axograph is mounted on a long paper kymograph, 
clamped to an upright rod at the far side of the apparatus. It is swung into 
collact with the paper between the drums, with sufficient pressure to give 
firm) contact. The drum is then quickly revolved through a complete turn of 
the paper, dotting in the axograph record as it revolves. Then the instrument 
may be swung away from the kymograph so as to be out of the way when 
the paper is taken off or fresh paper put on. 
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A SIMPLIFIED METHOD OF CORRECTING TILE SEDIMENTATION 
RATE FOR THE EFFECT OF CELL VOLUME®* 


A. Hampureron, M.A., anp R.A. Crristianson, M.D., ONTARIO, CANADA 


Hi desirability or otherwise of correcting the sedimentation rate for thy 

effect of cell volume was investigated at this sanatorium, and a simplified 
method of carrying out this correction was devised, which is briefly outlined 
herewith. In this method the one-hour sedimentation reading and the cell 
volume are determined on the same blood sample and in the same tube. As 
indicated elsewhere! this method gives essentially the same results as the Gram 
and Rourke-Ernstene* techniques for obtaining the corrected sedimentation rate, 
although the numerical seales used in the three methods differ. 

In preliminary experiments during the summer of 1938 undiluted oxalated 
blood was employed, and curves were prepared to correct for the effeet of cell 
volume upon the one-hour sedimentation readings. For two reasons this method 
was not used in ¢linical practice: (a) Using dry oxalate as anticoagulant, oc 
easional samples contained specks of clumped red eells, and results from such 
samples may not be reliable. This difficulty was not encountered when isotonic 
oxalate or citrate solution was employed. (b) It was found by trial that for the 
more rapidly settling bloods the correction curves became erratie when the cell 
volume exeeeded 45 per cent; Rourke and Ernstenet encountered the same effect 
in undiluted heparinized blood. 4 

In the technique described below isotonic citrate solution is used as anti- 
coagulant, the blood samples used in the test containing 15 per cent by volume 
of citrate solution. Thus a 45 per cent cell volume in the citrated sample cor- 
responds to a cell volume of 53 per cent in the undiluted blood, and higher cell 
volumes than this are rare. By this means consistent correction curves wer 
obtained over the range of cell volume normally encountered, for both slowly 
and rapidly settling bloods. 

The correction chart to be used in this method is based on data obtained 
from blood samples from 30 patients. In each case 15 ¢.c. of blood was added 
to 1.8 «ec. of 3.8 per cent citrate; a portion was centrifuged to determine thie 
cell volume and from this the citrate concentration in the plasma was ealcu- 
lated. The bulk of the sample was then divided into five portions; by removal 


or addition of calculated amounts of plasma, and addition of calculated amovnts 


‘From the Mara Laboratories at the Queen Alexandra Sanatorium, London, Ontari 
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‘This difficulty was overlooked by Wintrobe and Landsberg®? who employed und 
oxalated blood in their C.S.R. method, since in preparing their correction curves they use: nly 
blood from normal persons. Also these authors assume that in the 100 mm. tubes em] ' 
the correction curves for rapidly settling bloods have the same general form as_ tho 
slowly settling bloods; this is not in accord with the experimental evidence obtained in thts 


ted 
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of citrate solution, the cell volumes in the five portions were adjusted to 25, 29, 
35, 40, and 45 per cent, and the citrate concentration in the plasma of each 
sample was brought to the appropriate amount. Adjustment of the citrate 
concentration in the plasma is necessary, since when in routine work blood is 
drawn from patients, the citrate concentration in the plasma is influeneed by 
the per cent cell volume of the blood. The well mixed samples were placed 
in flat bottomed sedimentation tubes of 4 mm. bore, which gave a blood column 


100 mm. high. After one hour the observed sedimentation was recorded in 
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Influence of in vitro change in cell volume upon the sedimentation rate 


neters, the samples were then centrifuged thirty minutes at 3,000 r.p.m., 
‘he percentage volume of packed red cells read off directly. The results thus 
ned are given in Fig. 1; three blood samples gave curves so closely alike 
hey are represented by only one line in the figure; the same is true for two 
pairs of curves. No attempt was made to specially select the patients, 
it is clear from the results of Gram® and Rourke and Ernstene* that the 
‘ro influence of cell volume upon the sedimentation rate is a consistent 
vhich is not related to the particular infection. By averaging the results 


x. 1, the final correction chart given in Fig. 2 is obtained. 

































S62 THE JOURNAL OF LABORATORY AND CLINICAL MEDICINE 


DETAILS OF TECHNIQUE 


In routine use of this method, 2 ¢«.¢. of blood is added to 0.35 ¢.¢. of 3 
per cent citrate. Accurate measurement is essential, especially of the eitrat 
since the same sample is used both for a cell volume estimation and for thi 


sedimentation test. Using a 2 ««. long precision type of syringe and tly 





technique indieated, we find that the svringe transfers 0.05 © 0.01 ee. of citrat: 
to the blood sample ;* the remainder of the citrate, 0.80 ¢.¢., is placed in the 
small tube which receives the blood. The sedimentation tubes are 11 ¢.c. long 
and of 4 mm. bore; they may be graduated in millimeters to give a blood column 
100 mm. high—the Wintrobe hematocrit tube" is satisfactory, or the tubes may 
have a single graduation mark 100 mm. above the floor of the tube, readings 


heing taken by a millimeter scale held against the tube. 


METHOD 


Use a 2 ee. precision type syringe, dry and sterile, and a 1 ineh 20-gaug 
needle. Draw sterile 3.8 per cent citrate into the syringe, and run the piston 
up and down, so as to wet all the inside of the syringe. Then drive the piston 
completely in while the needle is pointed upward, so that all air bubbles are 
removed and the needle is left full of citrate. 

Enter a vein and draw blood accurately to the 2 ee. mark. Withdraw from 
vein, quickly detaeh and diseard the needle, invert the syringe over a small tub 
containing the additional volume (0.30 ¢.¢.) of 3.8 per cent sodium citrate, and 
press in the piston so that the blood flows vertically downward into the citrate in 
the tube. Do not expel the blood against the side of the tube. Immediately close 
the tube with a clean cork and invert and rotate it 10 times. The tube con 
taining the citrate must be uncorked and conveniently placed before com 
meneing to draw the blood, as there should be no delay in the operation. ‘Tl 
sample should not be used for fifteen minutes, so that it may reach room tempera- 
ture. Within five hours from the time of drawing the blood, it is well mixed 
by gently inverting and rotating the tube for at least ten times; it is’ well 
to hold the tube by the corked end, to avoid warming the sample by the heat of 
the hand; with a capillary pipette fill the sedimentation tube to the zero mark, 
taking care to avoid air bubbles. After standing one hour in a perfectly vertical 
position, the degree of sedimentation is read off in millimeters. The tube is be 


then centrifuged 30 minutes at 3,000 r.p.m., and the pereentage volume ol . 


packed red cells is read off directly from a millimeter seale. st 
Krom the graph of correction curves the observed sedimentation rate is cor le 
rected to standard cell volume, i.e., to the 37 per cent cell volume line of Fiz. 2. ce 


This cell volume, 37 per cent, is chosen as it corresponds to 42.5 per cent cell 
volume in the undiluted blood, which, using Grams figures, would be the mean ol 
the average cell volumes for both men and women. To use the graph in routine fy 
work that point upon the graph is located which corresponds to both the cell 





*The amount of citrate transferred to the blood is found by blank trials wit this 
technique, using N/10 NaOH in place of citrate, and distilled water in place of blood rhe 
volume of NaOH carried over into the water is found by titration with acid. 
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volume and the observed sedimentation rate of the blood sample; the curve upon 
which this point lies, or the interpolated curve if it lies between two eurves, is 
then followed to the standard cell volume (37 per cent) line, where the position 
of the curve gives the sedimentation rate for standard cell volume. For example, 
if the observed sedimentation is 20 mm. and the cell volume 33 per cent, find the 
figure 20 on the left hand scale of Fig. 2, and follow the horizontal line opposite 
this figure until vertically over the figure 33 of the bottom line. The point thus 
located is found to lie on one of the curves; following this curve down to the 


MILLIMETERS IN ONE 


t 


33 34 35 3 7 38 39 40 41 42 43 44 
% CELL VOLUME 


Mig. 2.—Chart for correcting observed sedimentation rates to standard cell volume (37 
per cent). The cell volume figures refer to the citrated blood, 85 vol. blood to 15 vol. of 3.8 
per ¢ t citrate, used in the test. 
standard cell volume line, the two intersect at a point opposite figure 14 of the 
left hand seale. This figure gives the sedimentation rate, corrected to standard 
cell volume. 


NORMAL STANDARDS 
or corrected sedimentation rates obtained by the method deseribed, the 
lollowing may be taken as the standards for both men and women. 
Normal 1 to 7 mm. 


Borderline 8 to 10 mm. 
Pathologie 11 mm. and over. 
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Correction for cell volume has been advocated by several authors** in th 





helief that it eliminates inaecuracies resulting from variations in the red cel] 





content of the blood. However, it should be kept in mind that all methods o| 





correcting for cell volume are based on in vitro findings, when the ratio of red 






cells to plasma is artificially altered. In practice, there may be other factors 





involved,’ so that correction for cell volume may introduce greater errors than 





it eliminates. It was to investigate this point that the foregoing method was 





devised ; comparisons of clinical and x-ray data to the sedimentation rates were 






made by Dr. D. W. Crombie. The results obtained indicate that correction for 






cell volume is in general of advantage for blood containing over 45 per cent cell 





» 


volume, iLe., 39.2 per cent cell volume in the citrated sample, especially when the 






sedimentation rate is relatively low. On the other hand, correetion for cell 





volume is in general unealled for or undesirable in the ease of blood having 






normal or subnormal cell volume. 
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A DIRECT READING NUL POINT AMPLIFIER FOR MEASURING 
HYDROGEN ION CONCENTRATIONS AND OXIDATION- 
REDUCTION POTENTIALS* 
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KOW and Wynd! have published a description of a single tube amplifier for 


use in the determination of glass electrode potentials, which is characterized 






hy operating at a low filament temperature, low plate voltage, and with a grid 





hias equal to the free grid potential. The present paper describes modifications 






of the apparatus whereby the measuring part of the circuit can be so adjusted 
as to cause the apparent potential value to equal the pH of the unknown solution, 






irrespective of the temperature. 
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Fig. 1 shows that the amplifying part of the cireuit is similar to that previ- 
ously deseribed. A potentiometer (R8, R9, B5) has been inserted in_ the 
measuring part of the circuit to cancel the calibration constant of the system. 

The battery (BA) of the measuring potentiometer applies its potential to 
the calibrated resistance through appropriate resistances (R10, R11), so that 
the voltage drop between successive contact terminals of the potentiometer is no 
longer 0.100 volt, as usual, but is equal to the theoretieal change in millivolts 
per pH unit. The authors have found it convenient to distribute R11 between 
fixed and variable resistances so as to allow R10 to carry only that part of 
the load needed to correct the total resistance for the effects of temperature 


in the pH :millivolt ratio. 


Fig. 1.—The theoretical wiring diagram of the amplifier. Type -89 vacuum tube: 0-1 
D. C. milliammeter; 0-6 D. C. voltmeter, 1000 ohms per volt; Gal, Leeds and Northrup 2320-d 
galvanometer; R1, 20 ohms: R2, 400 ohms; R3, 10,000 ohms; R4, 1,500 ohms: R5, 100 ohms: 
R6, 400 ohms; R7, 15,000 ohms; RS, 2,000 ohms; R9, 20,000 ohms: Sw. 1, 2, 6, and reversing, 
{ p.d.t. Federal anticapacity switches; Sw. 4, s.p.d.t. Federal anticapacity switch: B1, 6-volt 
storage battery; B2, B4, B5, 3 to 4.5 volts B batteries; B3, 19.5 volts from radio B batteries ; 
BA, potentiometer battery. 




















Fig. 2.—Method of calibrating the temperature cerrection dial. 
a 

the calibration of R10 is accomplished empirically by balancing two 
potentiometers against each other as shown in Fig. 2. With Switch 6 at position 
A, lotentiometer 1 is standardized as usual by its standard cell. Potentiometer 
en standardized with the same standard cell. Switch 6 is then thrown to 
on B. Potentiometer 1 is then set to read 1.000 volt, and Potentiometer 
| to read 0.5733 volt. Adjust R10 until balance is obtained. The range 
entiometer 1 now varies numerically parallel with pH at a temperature of 
An appropriate mark is made 6n the instrument panel to record this 
on. Potentiometer 2 is then set to read 0.5773 (voltage change for each 


'L units at a temperature of 18° C.) and the process described above re- 
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peated. The necessary values for temperature corrections from 16° C. to 42° ©. 
may be obtained from Table I. 


TABLE I 


THE CHANGES IN VOLTAGE (D) PER PH UNIT at DirrERENT TEMPERATURES 


; a 7 VOLTAGE CHANGES ; VOLTAGE CHANGES 

TEMP. ¢ c PMA TEMP. Cc. : EAS 
PER pH UNIT PER pH UNI‘ 

12 - 0.0565 ~ 28 00597 

14 0.0569 30 0.0601 

16 0.0573 4 0.0605 

1s O.0577 34 0.0609 

20 O.05S81 B36 O.0613 

22 0.0585 38 0.0617 

Y4 0.0589 40) O.0621 

26 0.0593 42 0.0625 


The resistance values of R10 and R11 will depend on the type of measuring 
potentiometer (Potentiometer 1) used. For this reason a preliminary determina- 
tion of the total ohms resistance needed should be made, using a resistance box 
in place of R10 and R11. Providing an instrument such as Leeds and Northrup 
Potentiometer 7655 is used, R10 should be approximately 125 ohms, while R11 
can be conveniently distributed between a 350 ohm fixed resistance and a 0 to 100 
ohm variable resistance. For a Type K potentiometer these values should 
be 30, 50, and 0 to 50 respectively. 

It is obvious that the measuring potentiometer must be standardized with 
Switch 6 at position A, and that in this position of the switch the E. M. F. read- 
ings on unknown solutions are expressed in millivolts. This switch enables the 
operator to instantly convert the apparatus from a direct reading pH meter 
to a standard potentiometer for the determination of pH by caleulations or of 
oxidation-reduction potentials. 

Assuming that the apparatus is wired according to Fig. 8, the operation is 
as follows: 

1. Depress Switch 1. This closes the circuits indicated in Fig. 1 by Switches 
1 and 3. When tube 89 is used, adjust R1 until the milliammeter indicates a 
plate current of 0.6 to 0.8 milliampere. If tube 38 is used, adjust until the 
plate current is 0.3 to 0.4. When R1 is set, it needs no further adjustment for 
many months. 

2. When the plate current has become constant (three to five minutes), 
depress Switch 2. This completes the galvanometer circuit so that the major 
portion of the current is shunted past the galvanometer, thus proteeting this 
instrument until the cireuit is balaneed. Balance with R2 and R3 until the 
galvanometer reads zero, or approximately zero. Slight instability of the gal- 
vanometer may be observed at this stage, but this in no way affeets the final 
accuracy of the readings. The balancing of the galvanometer in this condition 
of low sensitivity is necessary only during the process of determining tlie 
original zero point. It is not necessary during the determination of successive 


pH readings. 
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3. Depress Switeh 4 and balance by adjusting R6 and R7 until the gal- 
vanometer needle is stabilized. This can be at any point on the galvanometer 
dial, but for convenience should be at the zero position. Open Switeh 4. 

4. Raise Switch 2 to the upper position (position of maximum sensistivity 
of the galvanometer) and rebalance as in Step 3. Switch 2 remains in the 
position of maximum sensitivity during the determination of pH. readings. 

5. Raise Switch 6 to the upper position, and standardize the measuring 
potentiometer. If readings are to be made in terms of volts, Switch 6 remains 
in this position. The unknown solution, in which the glass or platinum electrode 
is inserted, is now bridged to the calomel cell. For this purpose a permanent 
bridge, filled with saturated potassium chloride solution, consisting of a pyrex 


‘U’’ tube in the ends of which have been sealed porous porcelain plugs, ean 









ad 
CAL vanOut TOR 
eo 


CLASS @ | 
CAL Ont 
a BATTERY 
—__——o 


POY BATTERY 


Fig. 3.—Actual hook-up of the amplifier. The terminals indicated by ‘glass’? and “calomel” 
are attached to the jack connections of the electrode set-up illustrated in Fig. 6. The terminals 
indicated as “ground,” “galvanometer,” “battery,” “pot. battery,” and “E.M.F.’”’ are led 
through the metal cabinet by porcelain insulators 2 inches long as indicated in Fig. 4. The 
parts of the circuit thus exposed are sufficiently insensitive to shielding to enable the indicated 
connections to be made externally. The “ground” terminal is soldered to a water pipe. The 
galvanometer” terminals are attached to the indicated terminals of the galvanometer as_in- 
dicated in Fig. 5. The “A battery” terminals are attached to a 6-volt storage battery. The 
pot. battery” terminals are attached to the battery terminals of the measuring potentiometer, 
the battery itself is within the cabinet. The “E.M.F.” terminals are attached to the correspond- 
ing terminals of the measuring potentiometer, as indicated in Fig. 5. 


conveniently be used. The measuring potentiometer is adjusted until the gal- 
Vanometer needle shows no deflection upon depressing Switch 4. This again ean 
be at any point on the galvanometer seale. 

6. If readings are desired directly in pH units, first standardize the 
Measuring potentiometer as in Step 5, with Switeh 6 in the upper position. 
Then depress Switeh 6 and bridge a solution of known pH (as, for instance, 
M/20) potassium phthalate buffer—pH 3.97) to the calomel cell. Set the tem- 
peratiire correction dial R10 to the position corresponding to the temperature 
of the known buffer, and balance with R& and R9 until the galvanometer needle 


shows no deflection on closing Switeh 4. Unknown solutions may now be sub- 
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stituted for the known buffer and their hydrogen ion concentration read directly 
For the greatest accuracy, the pH of the known standardizing buffer should 
approximate that of the unknown solution. If well insulated electrodes are used 
and the tube is thoroughly warmed, readings accurate to +0.008 pIL unit ean b 
made. In the determination of successive pH readings, it is only necessary ti 
rinse the glass electrodes, substitute another solution, and balanee with the 
measuring potentiometer until the galvanometer needle shows no deflection whe: 
Switch 4 is tapped downward. Hence, successive readings can be made in a few 
seconds. 

When the pH is being determined by caleulation from the readings in 


millivolts, the readings of a standard buffer must first be obtained. The follow 





ing formulas are then used. Switeh R, in Fig. 4, reverses the terminals of the 


measuring potentiometer. 














VV 


20 


®.. ®.. ®,., ®,, 


| 4 R 


6 


S &.., ®.. @.;2,,, 
































Fig. 4.—Diagram of front of box showing position of the switches and dials. These posit 
correspond to those shown in Fig. 3. 


1. If the observed potential is greater than that of the standard buffer (highe: pH, the 
reversing Switeh R will be down). 


(A B) 
Unknown pH C + D 
2. If the observed potential is less than that of the standard buffer (lower pH, but > 
Switch R down), 
’ ' (B \) 
Unknown pH ( D el 
3. When reversing Switch R is up (very low pH values) : re 
el; 
: (A B) _ 
Unknown pH C D fit 
Wi 
where A potential of the unknown; B potential of the standard buffer; C pH the 
standard buffer, and D voltage change per pH unit at the temperature of the unknow! the 
solution (see Table 1). lay 
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Switch 6 in Fig. 4 is so wired that when it is in the upper position, the 
circuit indicated by Switch 5 in Fig. 1 is broken. This causes the potentiometer 
(R9, BS) to function only when pL readings are being made directly. 

Since a galvanometer is needed for the preliminary standardization of the 
measuring potentiometer, it follows that two galvanometers are needed for the 
complete apparatus, provided a potentiometer with a built-in galvanometer is 
used. A simple modification of the wiring of the potentiometer will permit 
the built-in galvanometer to be used first to standardize the measuring 
potentiometer and then by throwing a switch to function in the plate cireuit of 
the amplifier. Fig. 5 shows the changes necessary for a Leeds and Northrup 


potent iometer Type TOD4,. 


Ba ) Ba 
39 +7 r @s89 een F 
«* , a 
¢ A, s an P 
} 
é > ¢ e 
+ ~— ™ eo Y~+ ~~»  “---“ 
Ppineeml 
ee GAL 
a.) —_ 
& sc ‘ = sc V4 
it e TY ? L —~ 
L soe PA a { ye a 
Fig. 5.—Wiring changes of built-in-galvanometer type potentiometer to obviate the use 


of a second galvanometer. The diagram to the left indicates the original potentiometer wiring, 
the figure on the right indicates the modifications. The switch indicated may be a double pole, 
double throw Federal anticapacity switch mounted at any convenient place in the potentiometer 
box. 























ig. 6.—Electrode set-up. The jack connections at the ends of the vertical insulators are 
att (d to the corresponding terminalis indicated in Fig. 3. The electrode set-up is, of course, 
shi | within the grounded metal cabinet. 

"he electrode set-up is shown in Fig. 6. By means of the double shank glass 
electrode? errors due to electrical leakage across the electrode surfaces are 
reduced to an insignifieant magnitude. The side arm of the calomel reference 
elecivode dips into a saturated potassium chloride solution, contained in a bottle 
fitted with a two-hole rubber stopper. The upper portion of the bottle is smeared 
With lanolin to prevent creeping of the potassium chloride. The glass areas of 
the permanent bridge should likewise be covered with a very thin layer of 
lanolin, so that the porcelain tips can be kept in saturated potassium chloride 


when the apparatus is not in use. 
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The very great resistances of the type of glass electrodes used necessitat: 
careful shielding and grounding of the apparatus. The metal cabinet shown 
in Fig. 4, connected to the cireuit as shown in Fig. 3, is grounded. 
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A METHOD FOR UTILIZING ILLUMINATING GAS IN THE BROWN, 
FILDES AND MCINTOSH OR OTHER ANAEROBE 
JARS OF THE LAIDLAW PRINCIPLE* 


Joun H. Brewer, M.A., anv J. Howarp Brown, Pu.D., Bavrimorre, Mp. 


jes most satisfactory method for the cultivation of anaerobes makes use 
of some type of jar in which the oxygen is completely burned out by means 
of a eatalyst, originally employed by Laidlaw (1915). This method eliminates 
the trace of oxygen, which is always present in evacuation and replacement 
systems, and which seriously interferes with the cultivation of the most strict 
anaerobes, such as Cl. novyi. The principal objections to the use of these jars 
have been the initial cost of equipment and the earlier explosions which oc- 
curred with improperly designed and poorly constructed jars. The danger has 
been eliminated in more recently designed equipment. 

Hall (1929) reviews the success and failure of several workers in using 
illuminating gas for replacement after evacuation, although he makes no mention 
of the use of this gas in eatalyzer systems. We have tried over a period of 
three years to use gas from the laboratory jet in the Fildes and MeIntosh (1921 
and Brown (1921) jars, but without complete success until this past year. It 
was supposed that the gas had some toxie effect as has been reported by Kladakis 
(1890), Ludwig (1918), and Frankland (1889). Kladakis is the only one of 
these who used an anaerobie organism. His technique of bubbling the gas 
through the small amount of medium for thirty minutes would saturate it with 
the carbon dioxide present, so that the pH would not be in the proper range for 
growth to oeeur. Ludwig and Frankland used aerobie or facultative organisms 
whose growth would naturally be inhibited to some degree by anaerobie condi- 
tions. Their results were largely due to a lack of oxygen, and not to toxie action 


of the gas. 7 

Wurtz and Foureur (1889) used illuminating gas for freeing the medium of _ 
air, and for keeping the air out of the test tube until they made an inoculation C 
under an oil seal; they did not actually cultivate the organism in the presence 
of the gas. N 


*From the Department of Pathology and Bacteriology, the Johns Hopkins Univers 
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Bulloch (1900) and Wilson (1917) employed illuminating gas to flush the 
air out of special containers; then used pyrogallie acid and alkali to remove the 
remaining oxygen. The large amount of alkali used (109 em. to 145 ¢.«. of 
water) was sufficient to absorb much of the gas so that the pH would not be 
lowered. Wilson reported excellent growth of Cl. sporogenes, Cl. septique, Cl. 
histolyficum, Cl. oedematiens, and Cl. tetani. In his system there was unques- 
tionably some gas present, but the toxie effect of the carbon dioxide was cer- 
tainly eliminated by the alkali present. 

Holker’s (1920) suecess in using coal gas is readily explained in the earlier 
part of his paper: ‘‘At the outset, it is to be pointed out that the bacteria are 
not grown in an atmosphere of coal gas, nor were they grown in an atmosphere 
of hydrogen. . . . The coal gas or the hydrogen, as the case may be, serves 
merely to wash the oxygen from the vessel. When the vessel is finally closed off in 
vacuum, both the oxygen and coal gas remaining are very small in amount.’’ 

Brown, in describing the use of his jar, suggests that the hydrogen be 
allowed to diffuse into the jar at about five pounds’ pressure. The gas pressure 
at a laboratory jet is usually about one-fortieth this pressure. Because of this 
low pressure, not enough of the gas will flow into the jar to start combustion. 
If the jar is attached to an ordinary inexpensive water vacuum pump for about 
one minute and then attached to the gas jet, enough gas will be drawn in to start 
combustion. A manometer need not be used, but if convenient may be employed 
and the jar evacuated to about 50 em. of mercury. This is not to be confused 
with an evacuation replacement method; it is only to get sufficient gas into the 
jar, under low pressure, to initiate combustion. The jar is allowed to remain 
attached to the jet after the electrie current is turned on for about thirty to 
forty-five minutes, then the eleetrie and gas currents turned off and the jar 
sealed. 

Since the gases found in municipal supplies are usually ethane, methane, 
hydrogen, carbon monoxide, and illuminants, all of which burn to carbon dioxide 
and water, there will be formed an excess of carbon dioxide under a slight 
pressure which will lower the pH of the media about 0.4. Valley and Rettger 
(1927) made a very exhaustive study of the effect of carbon dioxide on bacteria. 
This study ineludes Cl. sporogenes, Cl. welchii, Cl. tetani, and Cl. putrificum, and 


TABLE I 
TYPES OF GAS SUITABLE FOR USE AS DESCRIBED 


| Los” 








wessinsl | PHILA- | BALTI- | cincrswatr® CHICAGO | ST. LOUIS Ri 
YORK | DELPHIA MORE | ANGELES 

1}} nants Dy 5.9 3.9 0.1 1.5 ae | 4.0 
Hydrogen | 454 | 37.7 | 36.1 9.8 | 18.7 | 24.6 25.6 
Methane 17.6 24.6 | 66.0 | 67.5 | 55.7 47.5 | 80.0 
Etl 26.1 | 1.9 | 80] 47] 689 92 | 16.6 
Carbon dioxide 2.4 52 | 3.5 | 2.9 1.4 1.0 10 | 1.0 
Car monoxide 8.2 | 16.0 | 13.0 | 8.4 oe 2.8 29 
Oxyyer 09 | 0.9 1.0 0.2 | 0.4 0.3 0.7 | 0.7 
Nitrogen 3.3 14.8 179 | 46] 2.7 6.7 9.1 1.7 


“Two types of gas are used in Cincinnati. 
\nalyses are in per cent by volume. 
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The use of gas from a laboratory jet not only reduces the cost of the set-up 
to about one-third its former price, but there is no need for a hydrogen c¢ylinder 
or generator. Illuminating gas is less explosive and is used at less than one- 
twentieth to one-fiftieth of the hydrogen pressure, 

In order to determine whether this method would be applicable in other 
cities where the municipal supply is somewhat different from that in Baltimore, 
analyses of supplies in various sections of the United States were obtained ; 
samples were secured from some of them and used in the jars. If properly used, 
vood growth should be obtained from any gas where the analysis is similar to 
those shown in Table I. 

This anaerobic system, using illuminating gas, is being employed suecess- 
fully in several laboratories in Johns Hopkins Hospital and Medical School, 
and in one commercial laboratory a large number of sterility tests are handled 
in this way very inexpensively as compared with former methods. A control 
tube containing C7]. novyi in 1:100,000 dilution is included in each jar, and good 
erowth in forty-eight hours demonstrates the absolute anaerobiosis in the jar. 

The equipment shown in Fig. 1 illustrates the usual arrangement, the cost 
of which is less than twenty-five dollars. The effort and time (three to five 
minutes) which is usually required to place the tubes in the jar, roll the plasticine 
seal, partially evacuate and attach the gas, may be lessened if a three-way stop- 
cock is attached to the vaeuum (B) and gas (C), and then to the jar outlet (A). 
After closing the jar, it is only necessary to plug in the current (110 volts 
through a 82 CLP. carbon filament lamp in series). When about a 50 em. vaeuum 
is reached, the stopcock is turned so that the gas will flow into the jar. After 
thirty to forty-five minutes the valve at (A) is closed, and the gas and electric 
currents discontinued. 

The use of eleetrically heated eatalyzer systems for the detection of anaerobes 
in produets in ampoules and other preparations has several advantages over 
many other methods which are satisfactory for the less strict anaerobes, such 
as Cl. sporogenes, Cl. welchv, and Cl. tetani. One of these advantages is that 
in testing the sterility of biological préduets a large number of tubes may be 
tested at one time, and not only will the anaerobes which have a comparatively 
high oxygen tolerance be picked up, but the most fastidious organisms as well, 
many of whieh are entirely overlooked when Smith tubes or similar methods 
are employed. Another advantage is that absolute anaerobiosis exists from the 
time the jar is placed in the incubator and is not dependent on slow working 
catalyst or vegetable tissue systems, in which forty-eight hours may elapse be- 


fore an anaerobie state is reached. 
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THE WEIGHT CURVE COMPLICATED BY DEATHS* 


R. D. TEMPLETON, AND Mary C. Parras, Cuicaco, Inn. 


F ONLY the surviving animals are considered in calculating an average weight 
eurve, the death of individual animals frequently gives false implications to 
the results. For example, the average weight of four animals (Table I) was 
175 em. at a time when one animal was much smaller than the others. The 
death of this small animal and the dropping of it from the weight curve caused 


an apparent average gain in weight of 18 gm., when actually all of the surviving 


animals lost weight. This apparent gain is due to the fact that the dropping 
of one animal from the total of four is a reduction of 25 per cent in the number 
of animals, while the withdrawal of 100 em. (i.e. the weight of the disearded 
animal) from the total of 700 gm. (i.e. the total weight of the four animals) is 


a reduction of only 14.2 per cent. 
TABLE I 


WEIGHTS a WEIGHTS 
NUMBER OF NUMBER OF CHANGES IN 
BEFORE ; AFTER 
\NIMALS ne ena ANIMALS : WEIGHT 
DEATHS ONE DEATH 
1 200 19 —5 
1 200 190 —~10 
1 200 195 ) 
1 100 0 
Totals 4 TOO ; 580 


Averages 175 193, 


To eliminate the objection referred to, an experiment may be considered as 
a unit consisting of several parts, each part a vital constituent until the ultimate 
end, the ultimate end of such an experiment being the death of all its parts. 
If an experiment is considered as a unit, no individual animal ean be disearded 
before the termination of the unit. If the animal is to be considered throvgh- 
out the course of the experiment, obviously its weight must be considered «lso. 


*From the Department of Physiology, Loyola University School of Medicine. 
Received for publication, Oct. 11, 1937. 
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The death of an animal, although terminating it as an individual, does not 
eliminate it from the experiment, and, therefore, its weight at death must be 
earried as a part of the total weight of the unit. By using the total number of 
animals in the unit as the divisor and the total weight of the unit as the 
dividend, a curve is obtained which represents the weight of an average animal 
and is parallel to the curve representing the total weight of the experimental 
unit. 

The fallacies of the weight curve where only the surviving animals are con- 
sidered are especially noticeable when dealing with adult animals on a deficient 
diet. One of our studies in vitamin B insufficiency included 36 adult male 
albino rats, which prior to the experiment received a stock diet of Fox Chow 
ad libitum, with bread, meat, and cabbage onee per week. From the start of 
the experiment these animals were given a diet consisting of casein, 18 per cent; 
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starch, 57 per cent; butter, 15 per cent; baker’s yeast, 5 per cent; cod liver oil, 
2 per cent; and inorganie salts (Harris), 3 per cent. They were weighed at 
regular intervals during the course of the experiment. 
When only the surviving animals were considered in caleulating the aver- 
weight of each unit (Fig. 1, curve 1), the curve seemed significant for the 
forty-four days. During the first thirteen days there was a small gain in 
weight, indicative of some vitamin B having been stored in the tissues of 
inimals while on a good diet. During the next fifteen days a decline was 
served in the weight, which indicated a diminution in the stored vitamin B 
ic extent that an inadequacy for the well being of the animals had de- 
ped. During the succeeding sixteen days (twenty-eighth to forty-fourth) 
mals died; however, the diminution in the weight of the surviving animals 
sufficient to also show a marked decrease in the weight curve. Between 
‘orty-fourth and fifty-second day 15 animals died. The discarding of these 
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animals from the experiment was relatively much greater than dropping thi 
weight of the discarded dead animals from that of those surviving. Thus ai 
apparent gain in weight for the average surviving animal was indicated, even 
though there was actually a significant loss of weight. 

The last living weight obtained in the experiment was on one rat on thi 
seventy-sixth day. The weight of that animal was 178 gm. This is the implied 
average terminal weight. The implication is false since this is only the weight 
of an individual animal, and the average final surviving weight of all the 
animals would be entirely different. 

In dealing with weight data of this kind obviously there are four important 
points; others may appear after a more detailed study. (1) The weight o| 
the entire unit at the start of the experiment. (2) The weight of the unit at 
the time of greatest gain. (38) The weight of the unit just prior to the first 
death. (4) The weight of the unit at the end, when all animals are dead. If 
the weight of the unit just before the first death (Fig. 1, point A) is signifieant 
and the dead weight of the unit (point B) is significant, then a line joining 
these two points must be important. <A straight line joining these points 
(curve 2) would imply a uniform rate of weight loss for the unit, which is not 
true. Obviously an accurate determination of the weight between these two 
extremes (where all animals are living or all are dead) would inelude the 
weights of some living and some dead animals. Caleulation of the average 
weight of the animals in the unit by this method gives a curve which reveals a 
rapid decline in the weight of the unit between the twenty-eighth and fifty 
eighth days. This was also the period of greatest mortality in whieh the unit 
was rapidly yielding to the vitamin B insufficiency. Between the fifty-eighth 
and eightieth day the decline in weight was greatly decreased. The few sur- 
viving animals were near the average death weight by the fifty-eighth day, but 
probably were utilizing the small amount of vitamin B in the diet very eco 
nomiecally. 

A further study of the relative value of the two methods was made )y 
applying the principles involved to a study of the growth obtained on two 
groups of animals, one of whieh (22 animals) received a vitamin B deficient 
diet and the other (22 animals) received a diet deficient in both vitamin B 
and inorganic salts. The vitamin B deficient diet was identieal with the one 
already given in this paper. The diet deficient in both vitamin B and inorganic 
salts was simply a modification of the first diet in which stareh was substituted 
for the inorganie salts. 

The same general impression is obtained whether only the surviving ani- 
mals (Fig. 2) are considered or the weight curve made to represent all animals 
whether dead or alive (Fig. 3) until the close of the experiment. The flattening 
of the weight eurve (Fig. 2, curve A) beginning on the forty-seeond day of 
vitamin B deficiency is exaggerated when only survival animals were considered. 
This exaggeration is due to the death of some light animals and their with- 
drawal from further consideration, The sudden drop in the weight eurve just 



































TEMPLETON-PATRAS: THE WEIGHT CURVE COMPLICATED BY DEATIIS S77 


preceding the last weigh day is due to the death of one animal and its with- 
drawal from the group. The weight of this animal was a much greater portion 
of the total weight of the surviving animals than it, as an individual, was of the 
total number of surviving animals. 

The weight curve for the group of animals receiving both the vitamin B 


! and salt deficient (curve B) diet presents several irregularities due to death of 





individuals and their withdrawal from the group between the fortieth day and 
the elose of the experiment. The large rise in the eurve between the one hun- 
dred and twelfth and one hundred and twenty-sixth day is due mainly to the 


death of 5 animals and their withdrawal from the experiment. In this case 
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than was the weight of these animals of the total weight of the surviving 
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i animals. 
3 are er : ‘ 
Considering the groups of animals as two units and earrying the weights 
0 P , ua ¥ : , 
, of all animals, whether dead or alive (Fig. 3), to the close of the experiment 
4 mr éa0 > ° 
) gave smooth curves. These curves represent the condition of each experiment 
as a whole, It can then be said with some degree of certainty that from a 
. Study of 22 rats on a vitamin B deficient diet, the average death weight of 
Similar animals on a diet similarly deficient in vitamin B should be about 
Is 125 om. By the same reasoning it may be said that an individual having all 
the characteristies found in the 22 rats used here should approximate this 
vt We'eht eurve if subjected to similar conditions. This is the usual meaning of 
I. the term ‘average eurve.”’ 
n- \ more detailed study of the methods applicable to determining weight 
st 


fives was made on data obtained from animals during the first eighty-five 
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days of experimental hyperthyroidism (Fig. 4). The diet used to produce thi 
hyperthyroidism consisted of casein, 18 per cent; starch, 46.9 per cent; unsalted 
butter, 15 per cent; baker’s yeast, 15 per cent; cod liver oil 2 per cent; inorganic 
salts (Harris), 3 per cent; and desiccated thyroid, 0.1 per cent. Thirty-four 
rats (17 males and 17 females) which varied in age from 177 to 288 days wer 
used. At the start of the experiment the lowest weight (135 gm.) was that o! 
a female. The highest weight (214 gm.) was that of a male. The averag 
weight of all animals was 177 gm. Between the beginning and the thirty-second 
day of the experiment there were no deaths. During the first few days som: 
of the animals gained and others lost in weight. The curve X to V represents 
the average weight of all animals before deaths began to complicate the data 
Curve I represents the average weight of the animals surviving on the various 


weigh days. The rapid rise in this curve from M to N indicates that the 
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surviving animals for some reason were rapidly gaining in weight. As a matte! 
of fact, the average weight of the 9 animals which survived the entire eight 

five days did not at any time show a significant increase in weight as revealed 
by curve II. The rapid rise in curve I from M to N is due to the withdrawal! 


from the weight curve of 23 animals which died between the forty-ninth ar 


seventieth day of the experiment. This number of animals was relatively : 
much larger portion of the total number of animals living on the forty-nint! 
day than was their weight of the total weight of the living animals. 


Curves IV to IX represent subgroups of animals which were recorded «: 


at various times during the course of the experiment. The last weight in « 
curve is the average death weight of the animals represented. Curve III 
(X-V-A) is the weight curve of the entire group whether dead or alive. Curves 
III and I coincide from X to V sinee during this period there was only a 
change in weight, unaffected by deaths. From V to A, however, in curve [II 
the experiment was considered as a unit, and the dead weight of all aninm«ls 
which died in the course of the experiment are earried in the curve. In ‘his 
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curve there are no appreciable fluctuations which are not significant. There 
is a gradual decline in this curve between the seventeenth and the sixty-third 
day, which is the general story seen in the average curves of all subgroups of 
animals whether they were dead on the thirty-ninth day or still living at the 
close of the experiment on the eighty-fifth day. This curve also shows that be- 
tween the sixty-third and the eighty-fifth day there was only a slight change in 
the average weight of the unit which is in accord with curve IL representing the 
subgroup which lived the entire eighty-five days. 


SUMMARY 


1. A weight curve which represents the average weight of surviving ani- 
mals from time to time in the course of an experiment is criticized. 

2. A method is proposed in which all animals on a given experiment are 
considered as a unit, and no individual animal is disregarded from the weight 
curve beeause of death in the course of the experiment. 


COMING MEETINGS 


American Society of Clinical Pathologists, San Francisco, June 9, 10, and 
11. The meeting on June 9 is devoted entirely to a tumor seminar under the 
direction of Dr. Lee McCarthy of Washington, D.C. The subject is ** Pathology 
of the Skin.’’ Headquarters, Palace Hotel. 

The Association for the Study of Allergy, June 10 and 11. Headquarters, 
Ilotel Empire, San Francisco. 

The American Rheumatism Association, June 13 at Toland Hall, The 
University of California Hospital, San Francisco. 
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DIPHTHERIA, Duration of Immunity Achieved by Various Methods, Park, W. H. 
J. A. M. A. 109: 1681, 1937. 


There is a great deal of controversy in the literature concerning the best method ot 
immunization against diphtheria from the point of view of duration of the immunity achieved. 

None of the material available at present on this subjeet is suitable for the deriving of 
statistically valid conclusions. 

The author believes that a small but very important piece of work done on animals by 
Dr. Povitzky suggests that the best results with two doses might be obtained by the use of 
lL c.c. dose of alum precipitated toxoid, followed by a 1 cc. dose of fluid toxoid. 

Pending conclusive determination of the best method of immunization against diph 
theria, the administration of two or three doses of either fluid or alum-precipitated toxoid is 


the wisest procedure, 


KIDNEY, Pathology of Renal Papilla: Relationship to Renal Calculus, Randall, A., 
Eiman, J. E., and Leberman, P. R. .J. A. M. A. 109: 1698, 1957. 


Calcium plaque formation of the renal papilla was observed in L140 of 609 autopsir 
i.e., In 22.9 per cent. 

In the same series of autopsies forty-nine renal papillae were observed with stone : 
herent thereto, and in practically every instance the stone was growing from a calciu 
deposition in the papillary wall. 

Stone was found in twenty-five of the 609 autopsies, or in 4.1 per cent. 

Our efforts to reproduce this calcium plaque formation in lower animals by vitan 
deficient diets failed. 

A staphylococcus toxoid was concentrated by the rabbit’s kidney from two and o1 
half to sixty times its blood plasma content. 

The administration of a stable streptococcus hemolysin leucocidin effects highly sug 
gestive results, causing local damage to the epithelium of the collecting tubules. 

After the administration of parathyroid extract to dogs for six months, we observe: 
one renal papilla a calcium plaque identical to that which we have seen in man, 

We wish to point out again that the occurrence of renal calculus in man is essenti ly 
only a symptom of some underlying pathologie condition of a renal papilla and that. its 
entire development is a slow, chronic process. Acute results obtained in experiments 


animals are not comparable to the clinical picture. 


TUBERCULIN, A New Patch Test, Vollmer H., and Goldberger, E. W. Am. J. Dis. | 


54: 1021, 1937. 


A new tuberculin patch test is described. The patch consists of a strip of adhesiv 
tape on which a square of filter paper saturated with tubereulin has been placed. ( 
Of 209 tubereulous children, 187, or 89.5 per cent, showed conformity between ‘le 
results of the patch test and those of the Pirquet test. Of the 22, or 10.5 per cent, in woom 
the results did not conform, 15 were children who showed a positive reaction to the ] teh a 


test and a negative reaction to the Pirquet test. 
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The patch test is not only as accurate, numerically, as the Pirquet test, but shows the 
following definite advantages over all tuberculin tests: 

l. It is painless and does not excite nervous children, and a good relation between 
the doctor and the patient is thus retained, 
2. It consumes less time. 

3. It does not involve the use of instruments and their sterilization or trauma to the 
skin through injection, scarification or rubbing. 

ft. It can be carried out without help, or by a nurse or an assistant. 

5. In contrast to all other patch tests, it creates a sharply limited area of reaction and 
prevents an uncontrollable spread of tuberculin on the skin, 

6. It eliminates the danget of infeetion. 


7. It has never led to a local or general constitutional reaction. 


PNEUMONIA, Due to B. Friedlanderi, Bullowa, J. G. M., Chess, J., and Friedman, N. B. 
Arch, Int. Med. 60: 735, 1937. 


A report on 41 patients with acute pneumonia due to B. Friedlander is presented in an 
attempt to portray the disease as a clinical and pathologic entity. The findings for these 
patients showed a marked similarity to those for patients with pneumococcic lobar pneumonia. 

The mortality rate for the entire group of 41 patients was 83 per cent. The highest 
mortality rate (94 per cent) occurred in patients infected with B. friedlanderi A who were 
not given serum. 

Serum therapy was attempted for 8 of the patients, but in only 6 of them was the 
serum specifically related to the infecting organism. The mortality rate for these 6 patients 
who were infected with B. friedlandert A and who received serum was 50 per cent, as con- 
trasted with a mortality rate of 94 per cent for the 18 patients infected with the same 
organism and not treated with serum. 

Note: Since the preparation of this report Solomon has published reports of 5 patients 
from Bellevue Hospital. Only 1 patient was treated as early as the third day. The 4 others 
were treated on the fifth day or later. The amount of serum given was inadequate. All his 


patients who received serum died, 


HYDATID DISEASE, Godfrey, M. F. Arch. Int. Med. 60: 783, 1937. 


In the course of a thorough review of this condition the author presents the following 
es Of laboratory diagnosis: Three laboratory tests are of great value: 
1. The Precipitin Test.—This test, which employs the serum of the patient in pre 


pared hydatid fluid, is accurate in 65 per cent of cases. It is of value only when used with 


fully prepared controls, 


2. The Intradermal Test.—The intradermal test of Casoni is very valuable. It is 
carried out in a manner similar to that of the Pirquet test for tuberculosis. Hydatid fluid 
ned by puncture of an aseptic cyst from the lung or liver of a sheep is filtered and 


use for this test. When 0.5 ¢.c. of the fluid is injected intradermally into the arm of the 


it, 2 wheal is raised that is about 8 mm. in diameter. An injection of physiologic 


solution of sodium chloride should be used as a control. When the reaction is positive, the 


} 


W reaches its maximum size of 4 or 5 em. in from ten to twenty minutes and is sur- 
rounded by an erythematous zone. This test, according to Fairley, showed positive results 
uN per cent of the cases in which there were uncomplicated cysts and in 26 per cent of 
the cases in which there were ruptured or suppurating eysts. The Casoni test is a useful pre 
0} tive guide, since it indicates when there has heen a dangerous degree of absorption of 


iventid fluid. 
3. The Complement Fixation Test.—This test is specific and is dependent on a specific 
antibody in the serum of patients who have absorbed hydatid antigen. Fairley’s technique 


is ilar to that of the Wassermann test. According to Fairley and Williams, in 52.4 per 
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cent of cases there is a positive reaction preoperatively; whereas in 52.8 per cent of cases 
there is a positive result when there are residual or recurrent cysts. 

Leucocyte Count.—When the common causes of eosinophilia, such as asthma, chronie dis 
ease of the skin and intestinal worms can be eliminated, a certain amount of reliance may 
be placed on the presence of eosinophilia. In about half the cases of hydatid disease the 
eosinophile count is higher than normal, the upper limit of normal being placed by Fairley 
and Kellaway at 300 eosinophilic leucocytes per cubic millimeter of blood (6 per cent). 
Rarely, the eosinophiles outnumber the neutrophiles. 

Characteristics of Hydatid Elements.—The hivdatid fluid is clear, limpid, and alkaline, 
with a specific gravity of from 1.008 to 1.015. It contains about 6 per cent of sodium 
chloride. After centrifugation it should be examined for scolices and hooklets. <A seolex 
measures 160 microns in length and 115 in breadth. Hooklets also may be seen, their length 


varying from 20 to 40 microns. 


BACTERIEMIA, Significance of Hemolytic Streptococci, Keefer, C. S., Ingelfinger, F. J., 
and Spink, W. W. Arch. Int. Med. 60: 1085, 1937. 


From the clinical study of 246 patients with bacteriemia the following facts were 
elicited: 

Bacteriemia in hemolytic streptocoecic infection is seen most often in patients in the 
first, fourth, and seventh decades. These peaks of incidence correspond to the age incidenc: 
of infections of the throat and middle ear, the puerperal infections, and cellulitis and 
erysipelas. 

The general fatality rate was 72 per cent. It was highest for the patients with cellulitis 
and erysipelas regardless of age, slightly lower for those with puerperal sepsis, and lowest ot 
all for patients less than 20 years of age with infections of the throat, middle ear, and 
mastoid. Aside from the differences in mortality according to age and portal of entry, such 
factors as the duration of the sepsis, the location of infection in an area that could o1 
could not be treated adequately, and the presence or absence of debilitating diseases were ot 
importance in determining the outcome. 

The commonest metastatic lesions were in the joints, subcutaneous tissues, and endo 
eardium, although only about 30 per cent of the patients showed metastases. 

Recovery following bacteriemia occurred after a transitory invasion of the blood from a 
focal lesion without metastases or when the blood stream was cleared of organisms and focal 
infeetion was established if the lesion could be treated surgically. 

Death occurred among those with debilitating diseases, those with rapidly spreading in 
fection without localization, and those in whom localization occurred in an area whieh eould 
not be treated surgically (peritoneum, endocardium, or meninges). Sometimes the blood 
was cleared of organisms, but the foci of infection were situated so that they could not 
treated adequately. 

From a study of the organisms which cause bacteriemia and the immune reactions 
patients with and without bacteriemia, the following statements are justified : 

Organisms isolated from local lesions and from the circulating blood were beta-hemolyt 
streptococci. They all belonged to group A of Lancefield, and they all produced fibrinolys 

Organisms isolated from the circulating blood frequently resisted phagocytosis and were 
not killed by blood from normal persons, There are exceptions to this observation, but, by 
large, it is true. 

Organisms isolated from local lesions were phagocytosed by the leucocytes of so! 
normal persons and killed in varying numbers by those of different persons. The blood 
patients with loeal lesions usually possesses the capacity of killing the homologous organi 
and this function increases with the course of the disease. The presence of circulating 
bodies assists in localizing the infection and in preventing bacteriemia. 

In patients with bacteriemia antibodies develop which aid in the clearing of the b!o 
stream. In the author’s experience all the patients with bacteriemia who recovered 
demonstrable antibodies in the circulating blood, and it was shown that antibodies were 


present in some of the patients who died, although the titer was low. 
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Bacteriemia in hemolytic streptococcic infection is of greater value in prognosis than 


in diagnosis, and its presence may be taken as an indication of a loss of equilibrium between 


the loeal defense mechanism and the normal clearing mechanism. The presence of specific 


antibodies plays an important part in preventing bacteriemia and in clearing the blood of 


organisms once it has become invaded by organisms from the local focus. 


HODGKIN’S DISEASE, The Etiologic Relation of the Eosinophile to the Gordon Phenom- 
enon, Turner, J. C., Jackson, H., Jr., Parker, F., Jr. Am. J. M. Sc. 195: 1, 1938. 


In «a series of 11 cases of Hodgkin’s disease the Gordon test las been positive only when 
eosinophiles could be found in the corresponding microscopic sections. The number of these 
cells was found to parallel the rapidity of development of the pathogenic substance upon 
which the positive test depends. 

The pathogenie agent described by Friedemann and Elkeles in myeloid tissues has been 
shown to be present only in those suspensions of leucocytic cream that contain more than a 
certain number of eosinophiles. 

Gordon’s agent and Friedemann’s agent would both, therefore, appear to be derived 
from the eosinophile and consequently are probably identical. 

The Gordon test is positive in Hodgkin's disease only by virtue of the presence of 


eosinophiles in the lesions of this disorder, 


PNEUMONIA, LOBAR, in Children, Andrews, E. T. Am. J. Dis. Child. 54: 1285, 1937. 


Comparison of numerical with causative frequencies of types of pneumococcus which 
have been recovered from children with lobar pneumonia led to their separation into three 
etiologie groups, the distribution of which among patients with and without pneumonia and 
among other members of the same families indicated a corresponding diversity in their 
epidemiologic significance. 

A types appeared causative in all patients with lobar pneumonia from whom they were 
recovered, and they were associated with a relatively high incidence of pneumonia in infected 
persons, high mortality among infants, marked evidence of familial dissemination when the 
concurrent pneumonia was ascribed to these types and relatively low incidence in families 
without pneumonia or in those in which the patients did not show the same types of pneu- 
mocoeccus, 

Intermediate or B types appeared causative in many, but not all, of the children with 
lobar pneumonia from whom they were recovered but, in comparison with the former group, 
showed a lower incidence of this disease in infected persons, lower mortality among infants, 
less evidence of familial dissemination when the concurrent pneumonia was ascribed to these 
types, and a relatively high ineidence in families without pneumonia or in those in whieh 
the patients had pneumonia ascribed to heterologous types. 

The least active types (group C) appeared to be responsible for lobar pneumonia in 
few of the children from whom they were recovered. Evidence for their familial dissemina- 
tion was uncommon but these were the types most often recovered from persons coming in 
contact with patients whose pneumonia was ascribed to heterologous types. 

The incidence of pneumococci, the occurrence of lobar pneumonia in infected persons, 
an] the familial dissemination of causative types also varied with age. 

Children exposed to pneumonia ascribed to A types yielded pneumococci found in the 

tients relatively more often than did adults. 

Patients with pneumonia ascribed to A types constituted the most active sources of 

tion by contact. 

Repeated cultures of material from the throat were helpful in revealing the probably 

sative types in children with lobar pneumonia, 


YAWS, Comparative Histology of Syphilis and, in Jamaica, Ferris, H. W., and Turner, 
T. B. Arch. Path. 24: 703, 1937, 


The initial lesion and the frambesiomas of yaws are characterized by epithelial hyper- 


with exudation of polymorphonuclear leucocytes. There are many lymphocytes and 
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plasma cells in the dermis, The sealy maecules and folliculopapules have little proliferation 


of epithelium and only scant infiltrations of lymphocytes and plasma cells in the dermis. 
In the late lesions of yaws there is usually ulceration, with varying degrees of epithelial 
hyperplasia. 

With silver preparation, the treponemes of yaws (7. pertenue) are constantly found in 
large numbers in the epidermis and more superficial dermis of the frambesiform lesions and 
may be numerous in the initial lesion. They are demonstrated in small numbers in the hair 
follicles and dermis of about 50 per cent of the folliculopapules and scaly macules of yaws. 
They are occasionally recognized in small numbers in late lesions. 

Spirochetes are demonstrable in about 70 per cent of the papules and maculopapules 
of syphilis. 

There is no evidence that in either yaws or syphilis the spirochetes are phagocytosed by 
polymorphonuclear leucocytes or histiocytes. 

There is no correlation between the titer of the Wassermann reaction of the blood an 
the presence or number of spirochetes in the cutaneous lesions of yaws. 

Histologic criteria for the differentiation of the cutaneous and subcutaneous lesions of 


yaws and syphilis are in general unreliable. 


SHELL-FISH POISONING, Paralytic. Sommer, H., and Meyer, K. F. Arch. Path. 24: 50 
1937. 


The authors have tabulated and discussed 243 cases of paralytic shellfish poisoning 
with sixteen deaths, that occurred between Ventura County, Calif., and Juneau, Alaska, fron 
1927 to 1956. Of these, 254 cases were caused by the coast mussel; 9 were caused by thie 
Washington clam. 

Methods for detecting and quantitatively estimating the poison in shellfish have bee: 
worked out. Mussels from numerous places between central California and southern Oregon 
have been analyzed and toxin curves constructed for the past nine years. The curves for 
mussels, sand crabs, and Washington clams from localities near San Francisco since 1931 
have been specially detailed. Besides the shellfish mentioned, seven of the common varieties 
of edible clams may contain the poison in smaller amounts. 

Poisonous mussels may in no way be distinguished from normal ones, except by the 
animal test. Mussels subjected to various conditions in the laboratory have never shown «a1 
increase in toxicity; they usually show detoxification, the rate of which has been determined. 
Mussels may take up poisons from sea water. 

Strong evidence has been presented which points to the water of the open ocean as the 
carrier of the poison. Owing to the strong adsorption of the substance on base-exchanging 
silicates of the sand, it is not likely to occur free in the water. The poison has been demon 
strated, at least during the poison season, in the residue from filtration of sea water. Whether 
it is contained in the plankton or adsorbed in the microscopic sand cannot at present be 
decided, 

Four different principles toxic for mice have been demonstrated in acid alcoholic extr: 
of shellfish and plankton. The methods follow: 

Standard Test.—The shellfish are opened by cutting the posterior abductor muscle, 
digestive glands are carefully removed and without the addition of shell water or of ot! 
tissues, are ground up thoroughly with acid methyl alcohol (4 ¢.c. of concentrated hy 
chlorie acid per liter). Several portions of the liquid are used, so that the residue bee 
nearly colorless. The combined residue and liquids, which measure approximately from 6 
80 ¢.c., are poured into a centrifuge tube. The mixture is brought to a boil by imme 
of the tube in hot water and is kept boiling for a few minutes. Next it is gradually 
to room temperature, preferably in the same water-bath. (If necessary the extract 
be cooled rapidly and worked up at once, or it may be stored for several days. It sh 
however, not be kept longer than a week.) After standing for a few hours or overn 
most of the aleohol-insoluble substances have settled; they are removed by centrifuga 
and the clear dark-colored fluid, or an aliquot part, is poured into a weighed glass dish and 
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evaporated on a boiling water-bath. The amount of fluid chosen depends on the time taken 
for evaporation, i.e., not more than from thirty to forty-five minutes, and the amount of 
residue expected; 200 mg. is sufficient for a test; from 50 to 200 mg. is usually obtained 
from a mussel. The residue is removed from the water-bath before it is entirely dry, i.e., 
when it is still of a pasty consistency. It is triturated with the help of a glass rod, with 
several small portions of chloroform, until the latter comes off nearly colorless. The solvent 
is poured off each time and discarded. This extraction of the lipids and pigments may be 
readily accomplished if the residue shows the degree of dryness mentioned. Floating particles 
may, however, be made to settle by the addition of ether. The residue is next heated on the 
water-bath for one or two minutes, with constant stirring, until it is quite viscous. It is 
liygroseopie and should be weighed as soon as cold, For the injections distilled water ten 


times the weight of the residue is added, making a solution of approximately 10 per cent. 
It is evident that the method can be modified and adapted to specific needs. For the 
detection of mere traces of poison it may be considered advantageous to evaporate in vacuo; 
better vet, the poison may be precipitated from the alcoholic solution by the addition of from 
5 to 10 volumes of ether. The dried residue may then be directly dissolved for injection, On 
the other hand, certain errors must be avoided. Grinding of the tissue with sand, as per 
formed in 1927, is of decided disadvantage, since it has been shown that the shellfish poison 
is adsorbed by sand in much the same way as by permutit (an artificial sodium aluminum 
silicate). If large amounts of extract have to be injecte |], so that it becomes desirable to neu 
ralize the solution, great care must be exercised in doing this, since even a slightly alkaline 
reaction may destroy 50 per cent ef the poison in a short time. In the standard test as done 
present the solution is not neutralized for injection. The thorough extraction with chloro 


form and the subsequent heating should be ample to remove the free hydrochloric acid intro 


duced. It is very likely that the remaining acid is bound to betaine which is found in large 


amounts in any extract of shellfish and which is quite harmless on intraperitoneal injection 
in the form of its hydrochloride. A fatality from the acid reaction alone has never been 
encountered. 

The average lethal dose of shellfish poison has been defined as that amount which will 

a 20 gm. mouse in from ten to twenty minutes, with typical neurotoxic symptoms. Be 
sides uneasiness, a wobbling gait, strong spasms and gaspings, the heart-block may be used 
as a differential symptom. It is present only when the dose of poison is not too massive ; 
otherwise, the heart is entirely stopped. It develops soon after the heart has been exposed 
and may last for as long as half an hour. The intestinal peristalsis also is invariably pro 
nounced on autopsy immediately after death from pure mussel poison. 

Field Test.—Another test for shellfish poison, which is of great help in routine examina 
tions, consists in extraction of the livers with boiling acidulated water, cooling, and injection 
of 1 ee. of the supernatant liquid. It has been uged as a field method when rapid examination 
of several mussel beds became imperative for the establishment of quarantine measures. For 
an average-sized mussel liver, 1 ¢.c. of tenth normal hydrochloric acid plus 9 ¢.c. of water 

used. Thorough grinding of the tissue is essential in this test also. One minute of 

ling is usually sufficient to coagulate the bulk of the insoluble material; the acid need 
be neutralized before injection. Owing probably to the inclusion of poison in the pre 
cipitated protein, this test shows about half the number of average lethal doses per mussel 
expected according to the standard test. The ratio is still more unfavorable when neutral 


extracts are compared, 
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A Textbook of Hematology* 


HIS volume presents a concise but fairly comprehensive discussion of normal and abnormal 
hematology and a discussion of the more important diseases of the blood. 

While the author states in his preface that the purpose of the book is ‘‘to present. the 
subject of hematology in a manner acceptable to practising physicians as well as to those 
primarily interested in the study of disease by laboratory methods,’’ his book will appeal 
to the physician rather than to the clinical pathologist or hematologist already familiar wit! 
the subject. 

The chapter on laboratory technique is too brief to add materially to the value of this 
text, and while their application to the study of anemias is obvious, tests for free hydro 
chlorie acid in gastric contents, urobilin in the urine and the occult blood in the feces appear 
somewhat out of place in a book concerned with hematology. The general character of th 
book is such as to indicate that it was prepared primarily with the clinician in view, and to 
those who are desirous of becoming informed upon the present views of disorders of the 
hematopoietic system it should prove of interest and value. It cannot, however, be regarded 


as an exhaustive discussion of the subject. 


Pulmonary Tuberculosis in Practice 


HIS is a very stimulating book. Though small, it contains a wealth of information reflect 
ing an Obviously extensive experience thoughtfully digested. 

Dr. Wingfield’s book is written for the practitioner at large and should receive a cordial 
welcome. Starting with the pertinent observation that, though the common tendency is to refer 
the tuberculous patient to specialized hands, the diagnosis and perhaps the most important 
part of the treatment fall within the province of the general practitioner, Dr. Wingfield at 
tempts to bridge the gap between the practitioner and the specialist. 

In the first part of this book he traces the life history of the tuberculous lesion in thie 
lung from its initial appearance through its possible stages of development to its finish. 11 
the second part of the book the corresponding clinical pictures are deseribed and the appro 
priate methods of treatment discussed in detail where they concern the practitioner, broadly 
where they fall within the province of the specialist. 

A large and well planned diagram divides chronie pulmonary tuberculosis into twelve 
stages in one of which the patient will fall, whether presenting himself for diagnosis or 
turning to the practitioner after institutional treatment. 


It is impossible to read this book without profit and it can be recommended as a we! 


balanced thoughtful study based upon an ample and well-digested experience. 


*A Textbook of Hematology. By William Magner, M.D., D.P.H., Pathologist, St. Micha 
Hospital, Toronto, Canada, Lecturer in Pathology, University of Toronto, Formerly Lect 
in Pathology, University College, Cork, Ireland. Cloth, 395 pages, 23 figures, 3 colored plates 
$4.50. P. Blakiston’s Son & Co., Inc. Philadelphia, Pa. 

*#Pulmonary Tuberculosis in Practice. A Modern Conception. By R. C. Wingfield, Med 
Superintendent. Brompton Hospital Sanitorium, Frimley; Formerly Tuberculosis Office, 
Thomas’ Hospital. Cloth, 122 pages, 25 figures, $2.50. William Wood & Co., Baltimore, M:. 
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